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CHAPTER I 
I N T R O D U C T I O N 
ЛИ member; of the plant and animal kingdom have the capability to restore 
a great number of damages caused by endogenous or exogenous factors. 
Injured mammalian tissues can heal, i.e. re-establish tissue continuity. Such 
reconstitution occurs by virtue of the varying capabilit) of different tissues 
for either regeneration or repair, two profoundly different processes (Gill-
man, 1968). The former leads to restoration of the original architecture, 
while the latter implies replacement of the damaged tissue by a new struc­
ture, i.e. scar tissue, with van ing degrees of architectural, hence functional 
distortion as one of the inevitable consequences. As a rule, these processes 
have a common beginning in that the\ are both nearh ine\itably preceded 
by non-proliferative ("acute") inflammatory changes. After this common 
initial phase different series of events tan be triggered. These determine 
whether resolution of the non-proliferative inflammation and then regene­
ration will occur, or whether the more prolonged and prognostically the 
potential!} more serious and deforming scarring will take place. The latter 
is the hallmark of repair and aberrant fibroplasia in general. The present 
investigation will focus attention on healing restricted to repair. 
A thorough knowledge of the histogenesis, c\togenesis and fibrogenesis 
during repair has widespread implications for many aspects of pathology 
and therapy. Healing of various tvpes of cutaneous wounds, regeneration 
of tendon and connective tissue reactions to subcutaneously implanted 
bodies, or to subcutaneously or intradermally injected substances have 
become the traditional experimental tools for the study of both morpho­
genesis and biochemistry of connective tissue. 
Williams ( 1957) showed that subcutaneous administration of the algal poly­
saccharide carrageenin in guinea pigs provokes a non-proliferative inflam-
maton response, immediately followed by a proliferative ("chronic1') phase. 
Moreover, a pronounced production of tollagcn takes place (Robertson & 
Schwartz, 1953). 
These phenomena are the major characteristics of the process of repair. In 
addition, the connective tissue reaction to carrageenin is well reproducible, 
and the newly formed tissue can be dissected rather easily for biochemical 
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investigation. These facts favour an experimental approach to reparative 
healing in this system. However, in carragcenin granulomata aberrant gene-
sis and breakdown of collagen fibers might occur, because carragcenin, 
a highly sulphated polygalactose ( Bay ley, 1955), possibly competes with 
the acid mucopolysaccharides which are known to play a vital role in 
connective tissue metabolism (reviewed by Jackson & Bentley, 1968). 
Granuloma development and connective tissue metabolism have been 
studied in carragcenin granulomata provoked in guinea pigs (Robertson 
& Schwartz, 1953; Jackson, 1957; Slack, 1957; Williams, 1957; Green 
& Lowther, 1959; Fisher & Paar, 1960; Jackson & Bentle\, 1960; Chap-
man, 1961 ; Chvapil & Cmuchalová, 1961 ; Lowther et al., 1961 ; Robert-
son & Hewitt, 1961; Stone & Meister, 1962; Cmuchalová & Ch\apil, 
1963; Mussini et al., 1967; Pcrez-Tamayo, 1970), rats (Benitz & Hall, 
1959; Fisher & Paar, 1960; Monis et al., 1968; Fukuhara & T^urufuji, 
1969; Kajikawa et al., 1969; \émeth-C«óka, 1970) and rabbits (Pcre/.-
Tamayo, 1970). Carragcenin is a mixture of two different galactose polv-
mers designated κ- (kappa) and /- (lambda) carragcenin (Smith & Cook, 
1953; Smith et al., 1954). ЛИ the authors mentioned above used com­
mercial algal preparations which probably contained both types of carra­
gcenin. However, it seems generally advantageous to study a process pro­
voked by a substance as pure as possible. Experiments presented bv 
McCandless & Lehoczkv-Mona (1964) have indicated that the activit\ 
of a carragcenin mixture in stimulation of connective tissue growth is mainb 
due to its content of ¿-carragcenin. These findings prompted us to u*-e puri-
fied /-carragcenin. 
In contrast to guinea pigs, rats provide for their own needs of ascorbic acid, 
a vitamin which plavs an important role in collagen metabolism (reviewed 
bv Gould, 1968). We provoked the /-carragcenin granuloma in the rat 
to take advantage of a rather constant чіррі of vitamin C. 
The cyclical changes of steroid hormone levels in the female genital tract, 
for instance estradiol and progesteron, are important complications of a 
study of connective tissue development, because these hormones can greatly 
influence the development and activities of connective tissue cells ( re\ iewed 
by Dougherty & Berliner, 1968 ). For our studv of connective tissue develop­
ment the same hormonal conditions were prefcred, and hence young adult 
male animals were used. 
The morphological and biochemical approaches complement each other 
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leading toward a more profound and integrated understanding of the bio­
logical process. Therefore, both approaches were used in this investigation: 
in chapter III the morphological part of this study is presented; and in 
chapter IV, the biochemical part. 
SCOPE OF THE PRESENT STUDY 
This thesis reports a combined morphological and biochemical investigation 
on cells and extracellular components, in particular collagen, during the 
development and involution of a /-carrageenin granuloma in the rat. The 
main problems dealt with are: 
1. The controversy over hematogenous against histogenous derivation of 
histiocytes and fibroblasts of the new connective tissue; 
2. The functional phases of these cells during the granuloma development; 
3. Fate of the collagen present in the area wherein A-carrageenin is in­
jected; 
4. Synthesis and breakdown of new collagen; 
5. Fate of the injected Я-carrageenin. 
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CHAP'IILR II 
MATERIALS AND METHODS 
1. ANIMALS 
Male R-strain (VVistar) rats were used. Their inbreeding grade ranged 
from 43 to 48 generations. The animals were kept on a standard laboratory 
diet (complete diet for rat, mouse and hamster, Hope Farms, Woerden, 
The Netherlands) and tap water ad libitum. At the time of carrageenin 
injection the body weight measured 220 = 4 0 g; their ages were 4 ± 1 
month. The individual values u^ed for the calculation of a mean value 
were determined on tissue »-amples of animals which originated from dif-
ferent parents. 
2. LAMBDA CARRAGEENIN 
2 . 1 . E X T R A C T I O N P R O C É D U R E 
Carrageen concisus (Brocadcs-Stheeman & Pharmacia, Amsterdam; cat. 
no. CA607) was homogenized for 5 min. in a MSE ATO Mix at 
maximal speed. One liter of aqua dest. was added per 10 g of homogenized 
carrageen; the mixture was kept at 95 to 98 0G for 15 min. with stirring. 
Subsequent!}, the mixture was cooled to room temperature, and after 
centrifuging in a Sorvall centrifuge (Rotor SS 34) at 15,000 r.p.m. for 
5 minutes a clear supernatant (crude carrageenin extract) was obtained. 
In such an algal extract two types of carrageenin are present: κ- (kappa) 
and λ- (lambda) carrageenin. Separation, purification and dr\ing of κ-
and /-carrageenin was accomplished by a procedure according to Smith 
et al. (1954). Kappa and Я-carragccnin can be separated by addition of 
potassium ions which precipitate и-carrageenin from the crude carrageenin 
extract, while /-carrageenin remains in solution. For this purpose 1.0 M KCl 
was added to the crude extract up to a final concentration of 0.15 M KCl. 
After removal of κ-carrageenin by centrifugation, A-carrageenin was preci­
pitated from the supernatant by addition of 3 volumes of 96c/c ethanol. 
In the same way κ- and /-carrageenin can be precipitated together from 
the crude extract. For further purification the precipated /-carrageenin 
and carrageenin mixture were dissolved in 0.1 M NaCl and dialyzed for 
70 hrs against 0.1 M NaCl at 4 0 C (Visking casing). After precipitation 
by ethanol and drying, /-carrageenin and the carrageenin mixture were 
12 
powdered in a mortar and stored in a desiccator at room temperature. From 
10 g of carrageen about 4.3 g of the carrageenin mixture or 2.5 g of Я-саг-
ragcenin are obtained. 
2.2. PHYSICAL MEASUREMLNTS 
ЛИ viscosity and sedimentation rate determinations were carried out with 
carrageenin dissolved in buffer consisting of 0.1 M NaCl with Na-phos-
phates to give a pH of 6.47 and a total ionic strength of 0.17. The viscosity 
of ¿-carrageenin solutions with concentrations of 0.04 to 0 .1% (w/v) were 
determined in an Ubbelohde-type viscosimeter at 25 0 C. The intrinsic 
viscosity ( [>/] ) of л-carragcenin measures 9.8 dl/g. The sedimentation 
rates were determined in a Beekman Model E ultracentrifuge at an equi­
valent mean force of about 250,000 χ g. The temperature during sedimen­
tation was 25 0 C . Sedimentation pattern Λ (carrageenin mixture; fig. II , 1 ) 
shows identical anomalies as that presented by Smith et al. (1954): the 
fraction with the higher sedimentation rate (¿-carrageenin) represents the 
minor part of the total area, although about 60c/c of the carrageenin mix-
ture is recovered as /-carrageenin. According to Smith et al. (1954) this 
discrepancy is due to the type of boundary anomaly found in the ultra-
ccntrifugation of mixtures, wherein the boundary area of the slow com-
ponent is enhanced and that of the fast component correspondingh 
reduced (Johnston & Ogston, 1946). The sedimentation pattern of 
/-carrageenin (B; fig. 11,1) shows one symmetric, sharp peak without 
A -
-J ' 
-* 
V-
ν -
γ-
t 
Meniscus 
t 
Bottom Dinvt ion of sedimentation 
F I G . I I , 1. Sedimentation patterns of <airaçeenin. The wedçe cell contains a carra-
geenin mixture (5 m ç / m l ; pattern Λ), the standard tell (ontains /-cairageenin 
(3 m ç / m l ; pattern B) . The carraçeenin solutions are centrifuçed at 25 " С at an 
equivalent mean force of 250,000 χ g. The first picture is taken after 75 min.; sub­
sequently, the exposure interval is ?2 minutes. 
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a sign of a slower moving component indicating that this carragcenin con­
tains no other macromolecular components. The sedimentation rates of 
/-carrageenin are strongly dependent on concentration. The plot of the 
sedimentation rates against /-carrageenin concentrations is non-linear 
between 0.05 and 0.2c/{ (w/v). This agrees with the findings of Smith 
et al. (1954). The intercept at zero concentration (S0--, = 7.6) was ob­
tained by extrapolation. S02»,
w
 ( = 6.8) was found after the usual correc­
tions for temperature and solvent viscosity (Svedberg & Pedersen, 1940). 
The molecular weight of /-carrageenin ( M ) , calculated by the formula 
of Mandelkern & Flory (1952) and using the following values: [»/] = 
9.8; Sc..„,,v = 6.8; ν = 0.47 (partial specific volume of CMl-/(-2; Smith 
et al., 1954), gives M = 700,000. However, this value is only a tentative 
one, since the formula mentioned is based on the assumption of a random 
coil, a configuration which seems rather questionable (Johnston & Percival, 
1950) for A-carrageenin. 
According to Bayley ( 1955 ) Л-carrageenin is a linear polymer of a-D-
galactopyranose-4-suIphate (1,3). 
2.3. INJECTION 
The animals received subcutancously, i.e. in the connective tissue layer 
between platysma and m. rectus abdominis (fig. I l l , 1), a single injection 
of 2 ml 0.57f ¿-carrageenin in 0.9% NaCl (pH of this solution is 5.2) 
on the mid-line of the ventral abdominal wall, halfway between tail root 
and thorax, under ether anaesthesia. The animals were sacrificed by ether 
inhalation. 
Bacto-fluid thiogl) collate medium was used for sterility testing of the ¿-car-
rageenin solution. No growth was obtained. 
3. LIGHT MICROSCOPY 
Strips of 4 mm width were cut through skin, granuloma and abdominal 
muscle and either frozen in liquid nitrogen or fixed in 10% neutral for-
malin (4% formaldehyde). Sometimes tissues were fixed for 18 hrs at 
0 0 C in Carnoy's fluid. 
The frozen specimens were sectioned at 10 μ thickness in a cryostat at 
- 20 °C (Model CTD, International Equipment Co., Needham Heights, 
Mass.) ; the sections were fixed for 1 hr at 4 0 C in 10% neutral formalin. 
Hyaluronidase treatment: the frozen, fixed sections were incubated for 
2 and 4 hrs at 37 0 G with either 150 IU Hyason (Organon) or 140 to 
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200 IU h\aluronidasc from o\me testes (British Drug Houses) dissolved 
in 2 ml 0.1 M Na-acctate buffer pH 6.0. Control sections were incubated 
with the buffer solution without en/)nic. Subsequently, the sections were 
stained with toluidme blue for metachromasia after Kramer & Windrum 
(1955). 
Arm lase treatment: the frozen, fixed sections were incubated up to 2 hrs at 
37 "C with either 0.5% α-amylase (crude type iv from Aspergillus orszae; 
Sigma) in 0.02 M \a-acetate buffer pH 5.7 or salivary diastase. Control 
and enzyme treated sections were stained by the periodic acid Schiff 
(P.A.S.) method. 
The formalin and Camoy fixed specimens were dehydrated and embedded 
in paraffin. Seven /< sections were stained after hydration with Maxer's 
hemalum for 15 to 20 min. and eosin (H. & E.), toluidine blue after 
Kramer & Windrum (1955), P.A.S., or double-stained with Weigcrt's 
rcsorcin-fuchsin method for elastic fibers followed by van Gieson's picro-
fuchsin collagen technique (E.v.G.; Schillings, 1964). 
4. AUTORADIOGRAPHIC EXPERIMENTS 
For prelabeling the white blood cell nuclei a dosage schedule of 3 intra­
venous injections (penile vein) at 12-hr intervals was applied (Spector 
et al., 1965). Each injection contained 200
 у
/'Сі 3 H-TdR (methyl-tritium, 
5.0 Ci/mrnole; the Radiochemical Centre, Amersham). Six hrs after the 
last injection of ^H-TdR the л-carragecnin granuloma was induced. Blood 
samples were obtained b\ retro-bulbarian punction. For pulse labeling of 
granuloma cell nuclei a dose of 250 //Ci 'Ή-TdR (5.0 Ci/mmole) was 
injected intravenously 1 hr before the animal was killed. Blood smears 
were fixed for 10 min. in absolute methanol. The air-dried smears were 
coated with a gelatin solution (0.5% gelatin in 0.05% chromalum) at 
30 0 C . Paraffin sections were mounted on gelatin coated slides and hydrated. 
Smears and sections were coated with a layer 2 to 3 silver bromide crystals 
thick of Ilford L-4 nuclear research emulsion (Ilford Ltd., Ilford, Sussex) 
diluted with aqua dest. (1:1) according to the procedure of Vrensen 
^1970); the speed of withdrawal was 84 mm/minute. The emulsion was 
exposed for 10 to 14 days at 4 0 C , subsequently developed for 5 min. with 
Kodak D19 developer at 19 °C, and fixed for 5 min. at 19 0 C in 24% 
Xa-thiosulphate. The smears were stained with H. & E.. The granuloma 
sections were stained with H. & E., but with haemalum for only 1 min., or 
with 0.05% toluidine blue in Mclhaine buffer pH 3.7 by the procedure 
of Bergeron (1958). 
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5. ELECTRON MICROSCOPY 
After making a longitudinal incision through the skin above the granuloma, 
the skin was torn loose from the ventral surface and small granuloma sample« 
were dissected. They were treated either for 1 hr at 0 0 C with 2 % Veronal 
buffered osmium tetrox\de ( p H = 7.3) or for 2 hrs at 0 0 C with 2 % 
glutaraldehyde buffered with Na-cacod\late at p H 7.3 (Sabatini et al., 
1963), rinsed in the same buffer and postfixed 'm 2c/c Veronal buffered 
osmium tetroxyde ( p H = 7.3) for 1 hr at 0 0 C . After dehydration in a 
graded ethanol series most of the tissue blocks were allowed to stand for 
2 to 4 hrs in 1 % phosphotungstic acid ( P T A ) in absolute ethanol ( Huxley, 
1959) . This t reatment resulted in a marked enhancement of contrast, par­
ticularly of collagen fibrils. T h e specimens were embedded in Epikote 812 
(Luft, 1961) and sectioned on a Porter-Blum ultramicrotome. O n e /( 
sections stained with 0.1 */£ toluidine blue in 2.bc/c N a j C O n were studied 
with the light microscope to select areas for electron microscopy. T h i n 
sections were double-stained with urany 1-acetatc for 20 min. and lead-
citrate for 10 sec. ( Venable & Coggeshall, 1965) . Observations were m a d e 
with a Zeiss E M 9 or a Philips E M 2 0 0 electron microscope. 
Sections of white blood cells were prepared as follows: blood uncoagulated 
through addition of heparin was centrifuged for 5 min. at about 600 χ g 
at 4 " С . T h e plasma was cautiously removed, 2c/c Na-cacodylate buffered 
glutaraldehyde at p H 7.3 was added on top of the buff y coat and allowed 
to stand for 2 hrs at 0 " С . After rinsing in the same buffer, small blocks 
of the buff y coat were postfixed for 1 hr in 2c/c Veronal buffered osmium 
tetroxyde ( p H = 7.3) at 0 0 C . Subsequently, the specimens were pro­
cessed, sectioned and stained in a way similar to the procedures applied to 
granuloma samples. 
6. BIOCHEMICAL· EXPERIMENTS 
6.1. GENERAL P R O C F D U R I S 
Either the granulomata were dissected as completely as possible or only 
the central parts of the granulomata were dissected. After shaving, lateral 
(from granuloma carrying rats) or ventral (from control rats) skin samples 
were carefully freed from adhering subcutaneous tissue. In addition, 
samples of subcutaneous tissue were taken. T h e specimens were weighed 
(wet weight), frozen in liquid nitrogen and, when necessary, stored at 
-55 0 C . T h e tissues were processed according to the schedule presented 
in fig. I I , 2. 
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(a) 
(b) 
(0 
(d) 
FIG. I I , 2. Schedule of the biochemical procedure. 
Fro7en tissue 
Frecze-dry for 70 hrs 
Grind for 10 sec. at 0 0 C 
Frecze-dry for 15 hrs 
Ether extraction 
4x6 hrs at 4 °C 
(e) Supernatant 
(discarded) 
(f) 
Sediment 
Supernatant 
("soluble collagen") 
( aliquot for determination of protein aliquot for determination of DNA 
Extract with 0.15 M Na-citrate 
buffer ¡ill 3.41, 3 χ 24 hrs at 4 °C 
and rinse twice with the same buffer 
Sediment 
(g) 
Supernatant 
(buffer insoluble 
collagen; "gelat in") 
Extract with aqua dest. 
3x1 hr at 100 "C 
"Residu (discarded) 
Explanation to fig. II, 2 
(a) For freeze-drying a Wkf apparatus (Model L05) was used. A rack 
with 25 ml centrifuge tubes containing the tissue samples was placed on a 
platform inside the vacuum chamber as closely as possible to the chamber 
lid; 
(b) The frceze-dried tissue was ground with an Ultra Turrax (Type 
T P 18/2; Janke & Kunkel KG., Staufen) ; 
(c) After freeze-drying the specimen weight was determined (dry weight 
after freeze-drying) ; 
(d) After each extraction the suspension was centrifuged at 4 0 C in a 
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centrifuge with "swing o u t " head ( M . Christ) at about 3500 χ g. T h e 
ether extract of subcutaneous connective tissue contains about 0.04 /ig 
hypro/g wet tissue. Since no hypro could be detected in the filtrate of the 
ether extract (Schleicher & Schiill, no. 5 8 9 / 3 ) , one may assume that 
the hypro of the unfiltered ether extract originates from collagen fibers 
lost from the sediment during decanting of the supernatant. T h e ether was 
evaporated from the sediment in vacuo at room temperature and the tissue 
was weighed (weight after freeze-drying and ether extraction ; "dry weight" ). 
When necessary, the tissue was ground with the Ultra T u r r a x for a second 
t i m e : 
Extinction at 557 nm 
0.60 
0.40 • 
0.20 
rXlraition timo (li') 
FIG. II, 3. Relation between extraction time and amount of hypro extracted from 
powdered subcutaneous tissue by 0.15 M Na-citrate buffer pll 3.41 at 4 °C. The 
oxlmcuons of the samples were read at 557 nm after carryinu; out the hypio deter­
mination accordinç to method I of Wocssncr (1961). 
о о hypro after hydrolysis of the buffer extract; χ χ free hypro. 
(e) An appropriate a m o u n t of the powdered tissue was extracted at 4 °C 
for 15 min. with 0.3 N H C I O 4 in 70f/r ethanol, rinsed 3 times with lOO«/, 
ethanol, and finally the residu was hydrolyzed at 70 0 C for 70 min. with 
0.5 N Н С Ю 4 . I n this hydrolysate the a m o u n t of D N A was determined with 
the diphcnylamine method of Dische according to the modification of 
Burton ( 1 9 5 6 ) . F r o m another sample of the powdered tissue the protein 
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was extracted with 0.5 N NaOH for 10 min. at 100 0 C . In this extract 
the amount of protein was determined by the method of Lowry et al. ( 1951 ) 
with an albumin standard; 
(f) By this procedure soluble collagen was extracted with shaking from 
granuloma -, skin - and subcutaneous tissue samples. The extracts were 
centrifuged at 4 0 C at about 3500 χ g. To avoid contamination of the 
buffer extracts by insoluble collagen fibers the decanted supernatants were 
filtered through filter paper (Schleicher & Schuil, no. 589/3). Of each 
sample the 3 combined supernatants and 2 wash fluids were made up to a 
known volume with the extraction buffer (total 10 ml buffer per 25 to 
75 mg powdered tissue). The relation between the amount of Ьлрго 
extracted from subcutaneous tissue and the extraction time is presented in 
fig. II, 3. When a 4th buffer extraction was carried out for 24 hrs, 3 % of 
the total amount of hypro of a 3-day old granuloma was additionally ren­
dered soluble; 
(g) The buffer insoluble collagen was extracted with aqua dest. in a boiling 
water bath as gelatin. The extracts were centrifuged for 5 min. at about 
3500 χ g. The supernatants were filtered through filter paper (Schleicher 
& Schuil, no. 589/3) and made up to a known volume. Subsequent 
extraction for 3 hrs yielded no further hypro. The residu from subcutaneous 
tissue after gelatinization contains about \.5c/c of the total amount of 
hypro present originali). This hypro may be bound in elastin. 
Samples of the collagen extracts (f and g) and of /t-carragcenin were 
hydrohzed after addition of HCl (up to a final concentration of 6 N) for 
3 hrs at 135 °C in sealed glass tubes. The amount of hypro was determined 
by method I of Woessner (1961). Free h\pro was determined without 
previous hydrolysis. The amount of hydrolysate pro was determined by the 
method of Troll & Lindsley ( 1955 ). The optical density readings were 
carried out in a Zeiss PMQII spectrophotometer. After hydrolysis of a hypro 
and a pro standard, the recovery of hypro measured 94%, the recovery of 
pro 957c. 
6 . 2 . I S O T O P E E X P Í R I M E N T S 
Collagen was labeled b\ 3H-pro incorporation. Each animal received 10 
intraperitoneal injections of 50 //Ci 3H-pro each (266 mCi/mmole; the 
Radiochemical Centre, Amcrsham) with 3-day intervals during active 
growth (fig. 11,4). Twenty days after the last isotope administration the 
Я-carrageenin granuloma was induced. After 3 and 12 days, each time 
2 animals were sacrificed by ether inhalation and granuloma -, skin -
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FIG. II, 4. Injection schedule of aH-pro. The specific activity of Ή-ρΐΌ is 266 
mCi/mmole. Each point represents the mean body weight of 4 rats. 
and subcutaneous tissue samples, and the right femur were removed im­
mediately. After decalcification with EDTA, autoradiographs of the 
femur were prepared. The cortical bone of the femur shows 10 distinct, 
parallel bands of radioactive material. The other tissue specimens were 
processed according to the schedule of fig. II , 2. 
In order to determine the specific radioactivities of hypro and pro of cold 
buffer soluble and -insoluble collagen, the cold buffer extract and the 
gelatin extract were treated succesively by the following procedures: 
( 1 ) Soluble collagen was precipitated from the cold buffer extract by-
addition of NaCl up to a concentration of 20% (Piez, 1967). The preci­
pitated collagen was washed several times with a solution of 20% NaCl; 
(2) After hydrolysis of the precipitated soluble collagen and the gelatin 
extract of buffer insoluble collagen (in 6 N HCl at 135 0 C for 3 hrs), 
the hydrolysates were decolorized with activated charcoal, filtered, and 
evaporated to dryness in a paraffin bath at 95 to 98 0 C . After treatment 
of the dried hydrolysates with nitrous acid (Myhill & Jackson, 1963) and 
subsequent evaporation of the nitrous acid, the deamination products were 
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removed by ether extraction. The imino acids and their nitroso derivatives 
are insoluble in ether. They were extracted with 0.1 ml 70% ethanol. 
Using a solution of pure hypro only 25% of the original amount of hypro 
was recovered after carrying out the complete procedure from hydrolysis 
to ether extraction; 
(3) Samples of 5 to 20 //1 from the 70% ethanol extract containing up 
to 50 f<g of each imino acid were chromatographed for 4 hrs according 
to the procedure of Mvhill & Jackson (1963). "DC-Fertigplatten Cellu-
lose-F" (Merck; cat. no. 5718) were used. Two samples of each ethanol 
extract were chromatographed; only one sample was sprayed with 0.2% 
ninhydrin in acetone. The positions of the unsprayed spots were marked by 
reference to sprayed spots. The cellulose of the unsprayed spots was cut 
out with a razor blade, collected in a tube, and extracted twice with aqua 
dest. for 10 min. in a boiling water bath. Pooled eluatcs were made up to 
10 ml with aqua dest.. Immediately after the elution of hypro and pro, their 
amounts were determined. The R[ values of hypro and pro measure 0.17 
and 0.37, while those of their nitroso derivatives are 0.13 and 0.33 respec-
tively. The recoveries of hypro and pro from unsprayed chromatograms 
by elution with aqua dest. at 100 0C both measure about 7 5 % ; 
(4) A known volume of the eluate was evaporated to dryness in a glass 
vial; the residu was dissolved in 1 ml Hyamine hvdroxyde 10-X (Packard) ; 
10 ml scintillator solution was added (0.5% PPO and 0.05% POPOP in 
toluene) ; and the radioactivity was determined in a Packard Model 3380 
automatic liquid scintillation counter. At least 10,000 counts were measured. 
The ratio of the automatic external standard related to the counting effi-
ciences of the standards -^H-H-jO and 3H-toluene (Packard) was used to 
correct counts to désintégrations per minute. 
The radioactivity of 0.1 ml blood plasma was determined after addition of 
1 ml water and 10 ml Instagel (Packard). 
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CHAPTER III 
T H E MORPHOLOGICAL APPROACH T O T H E DEVELOPMENT 
OF T H E LAMBDA CARRAGEENIN GRANULOMA 
1. INTRODUCTION 
The study of the connective tissue reactions to Я-carragcenin begins with 
a rather extensive histological investigation at various time intervals. The 
/-carrageenin extracted and purified in our laboratory might induce in 
the rat (a highly inbred strain) a granuloma which shows a histological 
appearance different from that of the granuloma provoked by commercial 
mixtures of both types of carrageenin, as described by Benitz & Hall ( 1959), 
Monis et al. (1968) and Kajikawa et al. (1969). In addition, our descrip­
tion has to be more detailed cytologically, for it must enable us to study 
the derivation of the cells of this lesion. 
Carrageenin provoked an extensive and long-lasting granuloma. This 
system can be very suitable for the study of the mechanism of chronicity 
of an inflammatory response. The maintainance of an inflammatory pro­
cess over a long period of time can be achieved in two ways. One possibility 
is sustained or repeated migration of cells from the blood. Another is pro­
liferation at the reaction site of hematogenous cells and/or tissue cells. 
To answer the question of which mechanism is operative in the history of 
the /-carrageenin granuloma, we used 3 H-TdR labeling of the cell nuclei 
with subsequent autoradiography in two ways: 
1. Labeling of the blood leukoc\ tes ( Spector et al., 1965 ) before subcuta­
neous injection of Я-carrageenin to determine (a) which granuloma cells 
are hematogenous, and (b) what is their fate during further development; 
2. Pulse labeling of the cells in the granuloma itself (Spector & Lykke, 
1966) in order to see (a) what kind of cells can proliferate, and (b) how 
the proliferative activity changes during the development of the granuloma. 
A general advantage of these autoradiographical experiments is that they 
can add an important dynamic element to the static character of the mor­
phological description. 
The use of the electron microscope in this investigation contributes specific 
information to our knowledge of this inflammatory reaction. First, we would 
like to distinguish between the different t\pes of the granuloma cells on the 
basis of their submicro^copical structure, for the light microscope is often 
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inadequate to resolve for instance endothelial cells and peric)tcs (Gicse-
king, 1966), or histioc\tcs and fibroblasts. 
The combination of light microscopical observations, in particular on the 
location of metachromatic material, with findings on the ultrastructure of 
the cells can give valuable information on the structural changes induced 
by л-carrageenin and on the fate of this substance. 
In addition, these studies were undertaken to find indirect support for the 
postulate that at least the major part of the histiocytes of the granuloma 
arc derived from blood monocytes; therefore, the ultrastructure of the 
histiocytes is compared to that of the white blood cells. 
Because the production of large amounts of collagen (in the carrageenin 
granuloma studied with mainly biochemical methods by Robertson & 
Schwartz, 1953; Jackson, 1957; Green & Lowther, 1959; Jackson & 
Bentley, 1960; Lowther et al., 1961) is essential to tissue repair, the sub-
microscopical features of the fibrous structures are studied as far as their 
diameter and cross-striation is concerned; moreover, the different appear­
ances of the cells which possibh synthesize collagen are examined during 
the granuloma development. The findings on these collagen fibrils are 
compared with those of the dermis of control rats. 
2. RESULTS 
2.1. LIGHT MICROSCOPICAL OBSERVATIONS AT VARIOUS TIME INTERVALS 
AFTER INJECTION OÌ /-CARRAGEENIN 
The forceful injection of the Д-carrageenin solution and the subsequent 
exsudation of blood fluid into the connective tissue laver between platysma 
and m. rectus abdominis have caused a great extension of this meshwork 
(fig. I l l , 1 and fig. I l l , 2) . After 1 day one finds in the exsudate a great 
number of predominantly neutrophilic granulocytes (709^ of all cells) and 
histiocytes (29r/c). The small numbers of eosinophilic granulocytes and 
rna
ct cell v.'cre not considered. Fibroblasts contributed about lr/( (p. 26). 
The cells are randomlv distributed throughout the tissue with the exception 
of accumulations in and around blood vessels (fig. 111,3). The blood 
vessels arc studded with enthrocUes and neutrophilic granulocytes, the 
latter celb mostly lining the vessel walls. Fragments of collagen bundles, 
stained faintly red after the van Gieson reaction, are scattered throughout 
the lesion. Near the blood vessels they are often mixed with fibrinous de­
positions. Occasionalh, material is present in the cytoplasm of the histio-
c\tes which stains metachromatically with an acid solution of toluidine blue, 
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indicating phagocytosis of /-carrageenin (McCandless & Lehoczky-Mona, 
1964). An cxtracellularly located, weak metachromatic reaction is found 
in the perivascular accumulations of fibrinous depositions and fragments 
of collagen bundles. Mitotic figures in endothelial cells are indications of 
proliferation of the blood vessel walls. 
Percentage 
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• - X 
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granulocytes 
о о Histiocytes 
1 1 1 1 
1 2 3 4 
Days after injection of Я-carrageenin 
FIG 111,4 Percentages of histiorvtcs and neutrophilic granulocytes of the Я-сагга-
gcenin granuloma during its development. The mean values of the percentages of 2 
granulomata are depicted. The individual values differ usually about 10% ([indivi­
dual value - mean value] / mean value χ 100) from the corresponding mean values 
Each percentage is estimated by counting the neutrophilic granulocytes and the 
histiocytes in 25 visual fields with a 100 χ objective in each of 3 paraffin sections 
The total number of cells counted ranges from 900 cells after 6 hrs to 4,500 in the 
4-day old lesion 
After 2 days the morphological picture of the tissue is similar to that de­
scribed for the 1-day old lesion with some quantitative differences. T h e 
relative n u m b e r of the histiocytes is increased ( u p to 419<· ; fig- I I I , 4 ) . T h e 
a m o u n t of metachromatic material in the cytoplasm of the histiocytes is 
24 
larger. After staining with H. & E. the cytoplasm of these cells shows many 
vacuoles (fig. 111,5). Neutrophilic granulocytes contain little or no meta­
chromatic material. Apparently these cells do not phagocytize a significant 
amount of Я-carrageenin. The following 2 days the phagoc)tosis of 
л-carrageenin by histiocytes becomes still more marked. 
During the 3rd day the relative number of neutrophilic granulocytes de­
creases sharply (fig. I l l , 4) . This is probably caused by disintegration of 
these cells as shown by uptake of their fragments into histiocytes, while 
complete cells are phagocytized as well. After the 3rd day the edematous 
appearance of the lesion has disappeared almost completely. Focal accu­
mulations of several kinds of cells around blood vessels, suprafascialh and 
around the platysma, which occur occasionally after 1 day, become more 
pronounced. Histiocytes and neutrophilic granulocytes still form more than 
9 5 % of the total number of cells. 
Diameter (/<) 
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FIG. 111,7. Diameter of the histiocytes of the /.-rarrageenin granuloma durinç its 
development. Each point on the graph represents the mean value in μ of the diameter 
of 40 histiocytes measured with an ocular micrometer. The diameter of the histiocytes 
sampled at random is always determined vertically to the plane of the cutis in paraf­
fin sections stained with H. & E.. The \ertiral bars represent 2 χ the standard error 
of the mean. 
25 
After 5 days the overall picture of the tissue shows single or multiple necrotic 
areas, bordered by accumulations of cells (fig. I l l , 6) . The latter now 
consist mainly of histiocytes. The eccentrically located nuclei of the histio­
cytes are swollen, and round or kidney-shaped; their cytoplasm is granular 
or vacuolated. The cell volume has increased (from 1 to 5 days at least 
2.7 times; fig. 111,7). Mitotic figures indicate proliferative activity. Bi-
nucleated cells are found. The necrotic areas consist of neutrophilic gra­
nulocyte and histiocyte debris, fibrin, amorphous protein and fragments 
of collagen bundles. 
Besides the neutrophilic granulocytes and the histiocytes, the fibroblasts in 
particular attracted our attention. They are elongate or stellate. Their con­
tours suggest that the cells are migrating through the tissue. Their rounded 
or elongate nuclei are located centrally. They have a loose and uniformly 
staining chromatin, and one or more distinct nucleoli. The cytoplasm of 
the fibroblasts is basophilic and only seldom a faint metachromatic reaction 
could be demonstrated. This probably indicates that these cells did not 
phagocytize much Я-carrageenin. Already after 1 day, cells of this type 
are encountered in the vicinity of blood vessels. At that time their number 
measures about 1 c/( of all cells. In the sections of the granuloma they arc 
seen in gradually increasing numbers from 1 to 7 days, although the per­
centage is still low (it does not exceed 10%). A great number of mitotic 
figures is found in the fibroblasts (in about lc/( of these cells 3 days after 
/-carrageenin injection ). 
The tissue of the 12-day old lesion (fig. I l l , 8) is rather compact and well 
vascularized. Small necrotic areas invaded by many fibroblasts are left. 
The cellular areas consist for the greater part of closely packed histiocytes. 
These ovoid cells have one, frequently two nuclei. Locally in the cellular 
areas the cell borders of the histiocytes are barely or not at all visible; in the e 
cases the tissue appears to be a syncytium. The flocculent cytoplasm of the 
major part of the histiocytes contains vast amounts of metachromatic 
material distributed more or less diffusely, whereas the cytoplasm of the 
histiocyte syncytium is interspersed with droplets of metachromatic material. 
The cellular areas are furrowed by fibroblasts whose appearances are mostly 
fusiform. The cytoplasm of the fibroblasts never shows a metachromatic 
reaction. Mitotic figures are less frequently found in the histiocytes than in 
the fibroblasts, particularly the fibroblasts at the borders of the necrotic 
areas. By application of the van Gieson reaction collagen fibers could be 
demonstrated in general regularly arrayed between the cells of the cellular 
zones, with the exception of the areas consisting of a histiocyte syncytium 
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(fig. I l l , 9) ; moreover, fragments of probably pre-existing collagen bundles 
are usuali) seen in the necrotic areas. These bundle fragments split into 
fibers. 
After 30 days necrotic areas are no longer present in the firm, well vascu-
larized connective tissue. The amount of collagen is increased compared to 
that of the 12-day old tissue. Histiocytes with a honeycombed to vacuolated 
cytoplasmic structure are trapped in a meshwork of coarse collagen fibers 
(fig. I l l , 10). At the same time flattened or spindle-shaped fibroblasts are 
present. In addition to these parts of the granuloma rich in cells, areas 
relatively poor in cells occur which consist of monotonous wa\es of thin 
collagen fibers interrupted by spindle-shaped fibroblasts and occasionally 
by histiocytes with a honeycombed cytoplasmic structure. Large, hitherto 
undescribed cells with several nuclei are found thoughout the tissue. They 
are sometimes solitary, but mostly appear in groups (fig. I l l , 10). Their 
cytoplasms show centrally granular structures, but towards the cellular 
edges the structure changes from honeycombed to vacuolated. 
The number of collagen fibers in the area of these large cells is small. 
Occasionally occurring fragments of collagen bundles seem to split into 
"bands" of thin fibers or even amorphous material staining red after 
application of the van Gieson reaction (fig. I l l , 11). Mitotic figures are 
seldom seen; at this time there is little proliferative activity. Pycnotic and 
caryorrhectic nuclei are seen throughout the tissue. In the honeycombed 
cytoplasmic structure of the histiocytes a metachromatic reaction is demon-
strated. In the multinucleated cells a few droplets of metachromatic material 
are centrally located, while their vacuolated edges show only a weak meta-
chromatic reaction. Metachromatically reacting material has not been 
found in the fibroblasts nor outside the cells. 
2.1.1. Staining properties of /.-(arrageemn 
Metachromasia was observed when /.-carrageenin was stained with loluidine 
blue m vitro (0.1 ml 0.5'/f /.-carrageenin in 0.9% NaCl on filter paper 
and dried). In toluidine blue stained, froz.cn, formalin fixed sections of 
1- up to 30-day old granulomata no extracellular metachromasia is observed, 
with the exception of a weak metachromatic reaction in some perivascular 
accumulations. However, the cytoplasm of the histiocytes contains meta-
chromatic material, presumably phagocytized /î-carrageenin. This assump-
tion is supported by the finding that previous treatment with hyaluronidase 
does not result in a removal of the metachromatic material. Similar obser-
vations arc made in granulomata fixed in 10% formalin or Carnoy's fluid 
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and subsequently embedded in paraffin. In addition, the P.A.S. positive 
reactions of the histiocyte cytoplasm are not diminished by previous 
a-amvlase of diastase treatment. 
2.2. AUTORADIOGRAPHY WITH 3 H-TdR 
2.2.1. Prelabeling of the white blood cells 
The blood leukocytes are labeled with 3 H-TdR before the subcutaneous 
injection of /-carrageenin, according to Spector et al. (1965). The per­
centage of labeled lymphocytes ("small and medium lymphocytes'') never 
Percentage of labeled monocytes 
100 
50 
x—-
о— 
--χ Control 
_ o After injection of 
Я-carrageenin 
Intravenous injection of 
200 μΟ 3 H - T d R 
Subcutaneous injection of 
2 ml 0 . 5 % ¿-carrageenin 
in 0 .9% NaCl 
FIG. I l l , 12. Percentages of labeled monocytes of the peripheral blood after 3 intra-
venous injertions of : , H-TdR. Monocytes include "true monocytes" and "large 
lymphocytes". The criterion for distinguishing large from medium and small lympho-
cytes was mainly their si/e; 10 μ was taken as the dividing line. A cell with 3 or 
more silver grains over its nucleus was considered labeled. Of each blood sample a 
total number of at least 50 but usually more than 100 monocytes from 3 to 5 smears 
were counted. Each point on the graph represents the mean value of 2 to 4 rats. 
T h e individual values usually differ less than 10% from the corresponding mean 
values. We were not able to demonstrate changes of the total number of monocytes 
in the blood after /.-carrageenin injection. 
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exceeds a value of 5%. The percentage of labeled monocytes ("true mono-
cytes" and "large lymphocytes") in the circulation rises from 25 up to 
80% during the 1st day after /-carrageenin injection (fig. I l l , 12). 
After / and 3 days the nuclei of the endothelial cells, pericytes and fibro-
blasts in the granuloma are not labeled; whereas after 1 and 3 days, the 
nuclei of 78 and 66% respectively of the histiocytes in the lesion are labeled 
(table 111,1). Their cytoplasm nearly always contains metachromatic 
material and sometimes a whole neutrophilic granulocyte. These obser-
vations support the idea that these histiocytes are derived from cells of the 
blood stream, most probably from monocytes. There are no arguments 
favouring the supposition that the fibroblasts of the lesion have also 
originated from blood monocytes. After 3 days only a small percentage 
(25%) of neutrophilic granulocyte nuclei in the lesion is labeled (table 
111,1), although at that moment almost all neutrophilic granulocvtes 
(95%) in the circulation are labeled. This could be explained by the 
assumption that these cells invade the tissue only during a short period of 
time after the induction of the lesion, while the percentage of labeled gra-
nulocytes in the blood is still low ^fig. I l l , 13). 
TABLE I I I , 1. Porcentaços of labeled neulrophilic granulocytes and histiocytes of 
the л-саггасеешп granuloma of the rat at different time intervals after labeling of 
the white blood cells with -''H-TdR. 
Days after X-carrageenin Percentages of labeled Percentages of 
injection neutrophilic granulocytes labeled histiocytes 
1 3.1 78.4 
3 25 5 66.2 
6 * 33.5 
A cell with 3 or more silver grains over its nucleus was considered labeled A total 
number of at least 200 neutrophilic granulocytes and 500 histiocytes in 4 preparations 
of a granuloma were counted Each number represents (he mean value of 2 granulo-
mata T h e individual values differ about 5 % from the corresponding mean values 
* Only a few neutrophilic granulocytes were present. 
After prelabeling of the circulating leukocytes, in the 6-day old lesion 
33.5% of the histiocytes are labeled (table III , 1) ; almost all these labeled 
cells show metachromatic material in their cytoplasm. Generally, the 
number of silver grains per nucleus is decreased compared to that of the 
labeled nuclei after 3 days; however, some heavily labeled nuclei are found. 
The decreased grain number of the histiocytes after 6 days is probably 
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FIG I I I , 13 Percentages of labeled neutrophilic granulocytes of the peripheral 
blood after 3 intravenous injections of яН-ТгіК. Л cell with 3 or more silver grains 
over its nucleus was considered labeled Of each blood sample a total number of 100 
up to 500 neutrophilic granulocytes from 3 to 5 smears were counted. Each point on 
the graph represents the mean value of 2 to 4 rats T h e individual values usually 
differ less than 10% from the corresponding mean values 
caused by mitosis (p. 26) of the earlier invaded blood monocytes. The 
other cells in the б-day old lesion, endothelial cells, pericytes and fibroblasts, 
remain unlabeled. These findings indicate that also during further growth 
of the tissue, fibroblasts do not originate from blood monocytes. 
2.2.2. Pulse labeling of granuloma cells 
After pulse labeling with 'Ή-TdR in the 30-hr old lesion a prominent 
number of the endothelial cells of the nuclei of the venules were found to 
be labeled. Consequently, after 30 hrs a great number of the endothelial 
cells of the venules arc preparing for cell division. This agrees with the fact 
that after 1 day mitotic figures are found in the endothelial cells (p. 24). 
The small number of fibroblasts, still located in the vicinity of the blood 
vessels, nearly always show labeled nuclei. Moreover, the major part of the 
nuclei of pericytes and cells which are located so closely to the vessels that 
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they cannot be distinguished as pericytes or endothelial cells, are labeled. 
On the other hand, the histioc\te.s are not labeled, i.e. they had not yet 
shown proliferative activity. 
Four days after /.-carrageenin injection the labeling pattern is similar to 
that of the 30-hr old lesion. Many labeled nuclei of the pericytes arc present. 
The nuclei of the fibroblasts are nearly always labeled. This fact indicates 
rapid proliferation of the fibroblasts. This was suggested before by the 
finding of a remarkably great number of mitotic figures in these cells after 
3 days (p. 26). In contrast to the findings after 30 hrs, nuclei of histio­
cytes, even of those which contain metachromatic material, are labeled. This 
observation shows that the histiocytes also divide. This was already indicated 
by mitotic figures and the decreasing grain number of the nuclei of these 
cells from 3 to 6 da\s after prelabeling of the blood monocytes (p. 29). 
After 8 day; the nuclei of only a few endothelial cells and pericytes show 
proliferative activity. The great majority of the labeled nuclei belong to the 
fibroblasts which are invading the necrotic regions. In the cellular accu­
mulations several nuclei of fibroblasts and some nuclei of histiocytes with 
metachromatic material are labeled. 
After 13 days the total number of labeled nuclei has decreased. The inten­
sity of the proliferative activity has clearly passed its maximum. The number 
of labeled nuclei of the fibroblasts is still greater than that of the histiocytes. 
After 30 days one finds only occasionally a labeled nucleus. Hence, the 
proliferative activity has decreased to a very low level. 
2.3. ELECTRON MICROSCOPICAL OBSERVATIONS AT VARIOUS TIME INTERVALS 
A L T E R I N J E C T I O N Ο Ι / . - C A R R A G I E N I N 
Samples of the granuloma 3, 12 and 30 days after the subcutaneous in­
jection of /.-carrageenin were studied with the electron microscope. Quanti-
tativc evaluation of the electron microscopical observations was substantially 
handicapped by the heterogeneity of the tissue. As far as the more important 
ultrastructural features arc concerned, at the 3 time intervals separate 
descriptions are given of: 1. The cells classified in morphologically different 
categories; however, several developmental stages will be included in one 
category; 2. The extracellular components, especially the diameters and 
periods of cross-striation of the collagen fibrils. 
31 
2.3.1. The λ-carrageemn granuloma after 3 days 
After 3 days the tissue is made up of free Iving cells of different types, often 
embedded in fibrin and collagen. 
(1) Histiocytes (fig. I l l , 14, 15, and 16). The major part of the cellular 
population consists of histiocytes in different stages of phagocytosis. Their 
irregularly shaped nuclei are situated eccentrically. The chromatin is 
condensed in clumps which adhere to the nuclear membrane. A nucleolus 
is often seen. The amount of cytoplasm is abundant. The plasmalemma 
shows undulations and pseudopod-hke extrusions. The endoplasm and 
ectoplasm are not consistently differentiated, although the material of the 
pseudopodia is cctoplasmic in nature. A well developed Golgi apparatus, 
consisting of multicentric stacks of cisternae, is present in a region of nuclear 
indentation. Smooth-membraned, rather electron-lucent vesicles (diameters 
about 60 nm) surround the Golgi lamellae. In addition, sometimes round 
or rod-shaped dense bodies (in monocytes described by Hirsch & Fedorko, 
1968) are found at the periphery of areas crowded with the latter vesicles. 
Round or oval, smooth vesicles (diameters up to 600 mm) with a homo­
geneous content, compared with the dense bodies a less electron-den^e con­
tent, are present in numbers up to 8 per section of histiocytes which have not 
yet phagocytized much material. They are surrounded by a distinct single 
membrane. These vesicles are located outside the Golgi area. They pre­
sumably are identical with the "primary lyso^mes" (development, function 
etc. reviewed by Allison, 1968). Other vacuoles (diameters from 100 to 
300 nm ) with an electron-lucent content figure in the peripheral cytoplasm. 
These presumably pinocytic vacuoles are often arranged in rows with an 
increasing diameter towards the inner portion of the cell. There are indi­
cations of phagocytosis in addition to pinocytic activity. The p'-eudopod-
like extrusions of the plasmalemma frequently enclose bulky, electron-dense 
material. In the same cells, large vacuoles (diameter up to 3 u) are present 
which can occupy the greater part of the cytoplasm. It could be shown 
that these large vacuoles contain metachromatic material with the aid of 
1 /i Epikote sections stained with toluidine blue. Their content shows varying 
amounts of amorphous material, myelin figures and electron-lucent vesicles 
often crowded into clusters. Occasionally fat droplets are found near the 
periphery of the cytoplasm of those histiocytes which contain many phago­
cytic vacuoles. Regardless of phagocytosis of bulky material by pseudopodia, 
electron-dense material in coated vesicles contributes to the content of 
phagocytic vacuoles. Fusing of the membrane of these vesicles with that of 
the vacuoles could be observed. The coated vesicles may come into birth 
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by invagination of a part of the outer cellular membrane. The coating of 
the vesicular membrane, airead) present before the invagination is ligated, 
might indicate that other material is phagocyti/ed in this manner in 
addition to that phagocUized by pseudopodia. 
Mitochondria (measuring from 400 to 800 nm) lie scattered throughout 
the cytoplasm with the exception of the pseudopodia and the Golgi area. 
The\ are rounded, rod-like, or irregularly shaped. They exhibit the clas-
sical fine structure with parallel membranes of the crests and a homo-
geneous ground substance. The crests follow an irregular course. Strips of 
rough-surfaced endoplasmic reticulum are present in the cytoplasm of 
those histiocytes which contain none or only a few small phagocytic vacuoles. 
They are absent from the pseudopodia and the Golgi zone. The cisternae 
contain material with an electron-density similar to that of the cytoplasmic 
matrix. Sometimes profiles of the rough-surfaced system are continuous 
with smooth membranes. Ribosomes speckle the cytoplasm. In those histio-
cytes which show a remarkable phagocytic activity, more extensive, irre-
gularly dilated cisternae of the rough-surfaced endoplasmic reticulum occur 
between the phagocytic vacuoles. Throughout their cytoplasms spirally 
arrayed ribosomes are conspicuous. 
In the histiocytes groups of smooth filaments are discernable in a perinuclear 
distribution. The diameters of these filaments measure from 60 to 100 A. 
In our opinion they are identical with the filamentous structures in the 
cytoplasm of normal mononuclear phagocytes as described by de Pétris 
et al. (1962) and Sutton & Weiss (1966). ' 
By autoradiographic experiments it has already been demonstrated that 
(at least the major part of) the histiocytes in the granuloma are derhed 
from the blood stream monocytes. A support for this supposition comes 
from a comparison of the ultrastructure of both cell types. Especially the 
ultrastructure of the histiocyte" which have not yet phagocytized much 
material resembles the submicroscopical picture of the blood monocytes. 
With regard to the morphology of the nucleus, number and appearance of 
rough endoplasmic reticulum elements, amount of ribosomes, and si/e of 
the Golgi apparatus no gross differences are apparent. Moreover, both cell 
types agree as to the occurrence of clusters of perinuclear filaments (dia-
meters from 60 to 100 A). Some differences noted are: the outer cyto-
plasmic membrane of the histiocytes is more irregular, showing pseudopod-
like extrusions; in addition, the ultrastructure of the mitochondria of the 
histiocytes is more pluriform. In our opinion these differences are due to 
the fact that the monocytes, after migrating into the granuloma, find them-
selves in completely different circumstances. A seemingly important point 
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of difference between the histioc\tes of the granuloma and the circulating 
monocytes of a control animal is the fact that onl\ some histiocytes in the 
granuloma contain dense bodies (called azurophilic granules by Bessis, 
1964), while these dense bodies are nearly always present in the sections 
of blood monocvtes. However, the studv of the blood monoc\tes of a rat, 
which 3 days before recehed a subcutaneous injection of /-carrageenin, 
showed that the major part of these monocytes did not contain dense bodies 
either. I n addition, the monocytes in this case often show a centriole. Ap­
parently the process of maturat ion of the monocytes is influenced by the 
presence of the granuloma. Nevertheless, we were not able to demonstrate 
an increase of the absolute number of monocytes in the blood. 
(2) Fibroblasts (fig. I l l , 17) . I n electron micrographs of the 3-day old 
granuloma cells are occasionally found which appear identical with the 
fibroblasts already described (p. 2 6 ) . These cells ha\e an elongate form 
(length up to 20 μ). Thei r cytoplasm is crowded with ribosomes. T h e 
presence of numerous ribosomes is in accordance with the basophilia of 
the cytoplasm of these cells. Phagocytic vacuoles arc rarely seen in their 
cytoplasm. This agrees with the almost complete absence of metachromatic 
material in the fibroblasts (p. 2 6 ) . T h e general appearencc of the fibro­
blasts completely differs from that of a phagocytizing cell. T h e outer cyto­
plasmic m e m b r a n e is regular; the peripheral cytoplasm does not contain 
pinocytic vacuoles as seen in the histiocytes. Also lysosome-like elements 
are rare. O n the other hand, the cells have a well developed Golgi apparatus 
consisting of multicentric stacks of lamellae. Smooth vesicles (diameter u p 
to 60 n m ) surround the Golgi membranes. I n the peripheral cytoplasm of 
the fibroblasts fat droplets are found. T h e mitochondria are rounded (dia­
meters about 500 n m ) or rod-like (length up to 900 n m ) and exhibit the 
classical fine structure. T h e cytoplasm is traversed by cisternae of rough 
endoplasmic reticulum. T h e ergasloplasmic membranes are studded with 
ribosomes. T h e non-membrane bound ribosomes show u p in the sections 
as spiral polysomes. Several nucleoli are often seen in the nuclei of fibro­
blasts. A rim of concentrated chromatin outlines the nuclear envelope. 
(3) Neutrophilic granulocytes (fig. I l l , 18) . In the electron micrographs 
of the 3-da\ old granuloma neutrophilic granulocytes of normal appearance 
are rarely found. T h e general picture of the neutrophilic granulocytes is 
that of degenerating ones. T h e nuclear lobes show electron-lucent spaces, 
sometimes filled with lipid. T h e cytoplasm contains only small numbers 
of granules. Pscudopodia are not seen; the cells are rounded off. T h e r e 
are no indications of phagocytosis. 
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2.3.2. The λ-carrageenin granuloma after 12 days 
In the 12-day old granuloma a great number of cells are present in focal 
concentrations, each consisting of several cell types in different develop­
mental stages. 
The ultrastructure of the histiocytes is very pluriform. Two extreme ap­
pearances of the histiocytes are described. They are called macrophages 
and "vesiculated" cells. Transitional forms are frequent. 
(1) Macrophages (fig. I l l , 19). In the 12-day old granuloma cells (lar­
gest dimension 30 //) are present which demonstrate outstanding phago­
cytic acti\it\. Sometimes they posess 2 nuclei. Their surfaces consist of 
frequenth ramifving cUoplasmic spurs, which are often confluent. Some­
times these slender projections enclose collagen fibrils. Phagocytic vacuoles 
(maximum diameter 3 //, in binucleated cells 6 μ) crowd the cytoplasm. 
The vacuolar content shows great structural diversity which may indicate 
varying stages of digestion. The nucleus is located eccentrically. Aggregated 
chromatin marginales the undulating nuclear membrane. A nucleolus is 
often seen. The Golgi apparatus of the macrophages is well developed. 
Occasionally primary Ivsosomes are recognizable (p. 32). The ectoplasm 
contains electron-lucent pinocytic vacuoles (diameters from 100 to 300 nm). 
Lipid droplets are encountered. The mitochondria have oval (400 to 
500 nm) or elongate (length up to 1 //) profiles. Smooth filaments (dia­
meters from 60 to 100 Â) are located in the perinuclear region, but they 
are sometimes found throughout the cytoplasm. Strips of rough endo-
plasmic reticulum are scattered over the cytoplasm. Transitions of rough 
and smooth membranes are seen. In the sections not membrane bound 
ribosomes are spirally arranged in polysomes. 
(2) "Vesiculated" cells (fig. 111,20). In electron micrographs of the 
12-day old granuloma vesiculated cells are seen with about the same fre-
quency as macrophages. The cells are ovoid or elongate (largest dimension 
up to 20 /ι ). The vesiculated cells are characterized b\ the presence of vesicle­
like cUoplasmic structures. The diameters of the vesicles range from 0.5 to 
1.5 /ι. A distinct single membrane encloses homogeneous, filamentous mate­
rial with an electron-density similar to that of the cytoplasmic ground sub­
stance. The \esicles have irregular outlines. They are connected by way of 
narrow channels. Channels which come to a dead end bud forth from the 
vesicles. Sometimes myelin figures disturb the homogeneous content of the 
vesicles. The nucleus is located eccentrically. Chromatin is condensed in 
clumps which adhere to the nuclear envelope. A nucleolus is nearly always 
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seen. Filaments (diameters about 100 A) occur perinuclearly. The Golgi 
apparatus of the vesiculated cells is well developed. Parts of the outer cyto­
plasmic membrane are regular, others form slender protrusions which are 
folded parallel to the cellular surface. At their cytoplasmic basis pinocytic 
vacuoles ( diameters from 70 to 100 nm) occur. Invaginations of coated parts 
of the outer cellular membrane and coated vesicles are observed. The mito­
chondria are round (100 to 500 nm) or rod-like (length up to 800 nm). 
Dilated profiles of rough endoplasmic reticulum are scattered throughout 
the cytoplasm with the exception of the cytocentrum. Transitions of rough 
and smooth membranes are seen. 
(3) Fibroblasts (fig. 111,21). Analogous to the cells of the 3-day old 
granuloma with their extensive rough endoplasmic reticulum we identified 
the cells with a rich ergastoplasm in the 12-day old granuloma as fibro­
blasts. Ramifying rough endoplasmic reticulum crowds the c\toplasm. Its 
cisternae are usually dilated. The cellular shape varies from fusiform 
(2 by 30 /<) to ovoid (5 by 10 μ). The nucleus is located centrally. A 
nucleolus is present. The outer cytoplasmic membrane is regular. Some 
electron-lucent pinocytic vacuoles are present in the ectoplasm. The Golgi 
apparatus occupies a large area of the cytoplasm of the fibroblasts. It 
consists of multicentric stacks of lamellae. A large number of smooth 
vesicles with diameters of about 70 nm arc present. Dense bodies are 
missing. Primarv lysosomes (p. 32), digestive vacuoles (diameters about 
500 nm), and lipid droplets (diameters about 1 u) are sometimes found. 
Filaments (diameters about 70 Â) are scattered throughout the cytoplasm 
of the fibroblasts. The mitochondria are rounded or rod-like (500 to 800 
nm) and have irregular crests. Some mitochondria have diameters up to 
1.6 μ; their crests can barely be recognized. 
In cellular accumulations areas occur where the integrity of the cells can 
no longer be demonstrated. Masses of cellular organelles such as nuclei, 
large vesicles (diameter up to 6 μ), phagocytic vacuoles etc., originated 
from vesiculated cells and macrophages, are present between intact fibro­
blasts, macrophages and vesiculated cells. These structures remind of the 
histiocyte syncytia described on p. 26. 
2.3.3. The l-carrageenin granuloma after 30 days 
The electron micrographs at this time show a compact tissue. The great 
number of blood capillaries are striking. Areas with different cell compo­
sitions are distinguishable. In some zones mainly fibroblasts are seen em-
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bedded in collagen fibrils; in other granuloma areas vcsiculated cells pre­
dominate. Besides these well vascularized tivsue constructions, there occur 
extended areas consisting of groups of cellular organelles located between 
collagen fibrils and amorphous material. Remnants of cell membranes in­
dicate loss of former cell boundaries between macrophages, vesiculated cells, 
and fibroblasts. 
( 1 ) Macrophages. Clearly less macrophages are present in the 30-day 
old granuloma. Their ultrastructural appearance is almost identical with 
that of the macrophages in the 12-day old granuloma. However, it is notable 
that after 30 days the content of the phagocytic vacuoles is rather homo­
geneous and electron-lucent, whereas the number of myelin figures is 
decreased. Remnants of the macrophages arc found in the accumulations 
of partially or completely disintegrated cells. 
(2) "Vesiculated" cells (fig. I l l , 22). By comparison of 1 и sections and 
ultrathin sections it is demonstrated that the vesiculated cells are identical 
with the cells which show a honeycombed cytoplasmic organization in the 
light microscopical picture. The ultrastructure of the ovoid vesiculated cells 
in the 30-day old granuloma differs only in quantitative respect from the 
picture of these cells described for the 12-day old granuloma. The average 
diameter of the vesicles has increased and ranges now from 0.5 to 5 /(. In 
general, the size of the vesicles and the electron-density of their content have 
an inverse relationship. A few times myelin figures are seen in the vesicles. 
Structures resembling primary lysosomes are found. The Golgi apparatus is 
moderately developed. A nucleolus is seldom observed. A great part of the 
accumulations of disintegrated cells consists of vesiculated cells. Their 
nuclei are surrounded by groups of filaments ( diameters from 60 tot 100 A ). 
(3) Fibroblasts (fig. I l l , 23 and 24). The ultrastructure of the fibroblasts 
of the 30-dayr old granuloma closely resembles the appearance of the fibro­
blasts after 12 days with respect to the Golgi apparatus, mitochondria, 
smooth filaments and digestive vacuoles. The fibroblasts after 30 days are 
usually elongate (about 5 by 20 u). A nucleolus is rarely seen. Lysosome-
like structures (diameters from 0.6 to 1.0 //) are found. The cisternae of 
the abundant, ramifying rough endoplasmic reticulum are dilated (dia­
meter may rise up to 1 u). After osmic acid fixation the content of the 
cisternae is electron-lucent; after fixation with glutaraldehyde the density 
of this cisternal content is similar to that of the cytoplasmic matrix. There 
are also fibroblasts found whose ergastoplasmic cisternae are only mode­
rately dilated; after fixation with glutaraldehyde these cisternae show an 
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electron-dense content. Remnants of the last type of fibroblasts are pre-
ferentialK found in the areas consisting of disintegrated cells. 
2.3.4. Extracellular components 
The 3-day old A-carrageenin granuloma contains exti acellularly fibrin and 
collagen. The fibrin shows cross-striation with a periodicity of about 190 Â 
(fig. I l l , 25), a value similar to that of bovine fibrin (220 ± 10 A) as 
reported by Karges & Kühn (1970). Frequently the pseudopodia of the 
histiocytes enclose fibrin. 
The collagen fibrils are mainly arranged in bundles. The mean value of the 
period of cross-striation measures 580 A. As compared with the expected 
640 A, the lower value is probably due to shrinkage during the preparation 
of the sections [ Chapman, 1961). 
The direction of the band patterns in different fibrils indicates antiparallel 
arrangement. The mean diameter of these fibrils is 720 A (range from 680 
to 780 A). Amorphous material is located between the collagen fibrils. Fila-
ments with diameters from 60 to 120 A are found near the fibrils (fig. 
111,26). 
Λ small number of solitary fibrils are found. The diameters of these fibrils 
are about 350 A. Sometimes a solitary fibril seems to disintegrate into 
beaded filaments (diameters between 80 and 150 A; fig. I l l , 27). 
The collagen fibrils of the 12-day old granuloma can be divided in 3 groups 
according to their fibril diameters (fig. I l l , 28) : 
( 1 ) The collagen fibrils are arranged in parallel bundles. The period of 
the band pattern measures 580 A. The diameters of the fibrils maximally 
range from 600 to 1100 A (that of 80% of the fibrils only from 700 to 
800 A). Amorphous material is often scattered between the fibrils. 
\pe Λ . 
(2) The fibrils are irregularly arranged. These fibrils show a band pattern 
identical with that of type A. Their diameters measure between 300 and 
400 A. Type " B " . 
( 3 ) A «mall number of clusters of filaments which are sometimes beaded 
are present. However, clear-cut cross-striation has never been observed. 
The diameters of these filaments range from 80 to 150 A. T\pe " C . 
These 3 types of collagen fibrils are also found in the 30-day old granuloma. 
At this stage large areas are occupied by bundles of regularly arranged fibrils 
of type A. Also areas are found with fibrils of type Λ orientated at random. 
Fibrils of t\pe В occur in groups. A number of these fibrils are regularly 
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orientated in bundles, but usuallv the\ are scattered in all directions. Clusters 
of non-orientated, beaded filaments of t\pe С are seen at this stage. Some­
times these filaments are scattered between the fibrils of tvpe Л and B. 
Often the fibrils of type Л and В are embedded in amorphous material. 
λ curious finding concerning the aggregation of collagen fibrils was made 
in the 30-day old granuloma. One to 4 fibrils surround a central fibril 
with a diameter of 700 A. Aggregates of 2 to 5 fibrils, embedded in 
amorphous material, are regularly found in cross sections of collagen 
bundles (fibrils of type Λ). The greatest diameters of the aggregates are 
respectively 1400, 2000, 2000 and 2200 A (fig. I l l , 29). The assumption 
that the individual fibrils are units of an integrated aggregate is supported 
by the observation of longitudinal sections through the aggregates. It ap­
pears that the band patterns are in perfect register; moreover, the fibrils 
arc twisted around each other (fig. I l l , 30). It should be pointed out that 
such aggregates of collagen fibrils were never found in the 3- and 12-day 
old granuloma, nor in the normal dermis of the rat. The collagen bundles 
of the normal dermis are build up in an antiparallel arrangement. The 
diameters of the individual fibrils measure 600 to 900 A, and their periods 
of cross-striation, about 580 A. The pattern of the bands is identical with 
that of the fibrils of type A and В of the carrageenin granuloma. 
3. DISCUSSION AND CONCLUSIONS 
The description of the sequence of events of, and the cells involved in the 
connective tissue reaction to /-carrageenin in the rat (III 2.1.) fits that 
of the reaction to carrageenin mixtures in rats of Benitz & Hall (1959), 
Monis et al. (1968) and Kajikawa et al. ( 1969). In guinea pigs the granu-
lomata provoked by y.- or Я-carragecnin, or by different mixtures of these 
substances show no qualitative histological differences (McCandless & 
Lchoczky-Mona, 1964). Conclusively, there are no clear histological in­
dications of qualitative differences between the connective tissue reactions 
to Я-carragecnin and mixtures of both carrageenin types in animals of the 
same species. 
However, differences exist between the reactions in animals of different 
species. A non-proliferative inflammatory response, predominantly poly-
morphnuclear in nature, is found to be more marked in rats (Benit? 
& Hall, 1959) than in guinea pigs (Williams, 1957; Fischer & 
Paar, 1960; Pércz-Tamayo, 1970). In the granuloma of the guinea pig 
Williams (1957) did not find fibrin or fibrinous depositions, whereas in the 
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granuloma of the rat many fibrinous depositions are seen. The rapid resorp-
tion of the granuloma is one of the striking features of the carrageenin gra-
nuloma in the guinea pig. The new connective tissue is broken down and 
completely resorbed after 6 or 7 weeks (Robertson & Schwartz, 1953). The 
granuloma is replaced b\ adipose tissue (Williams, 1957; Fischer & Paar, 
I960; Pérez-Tamayo, 1970). Fischer & Paar (1960) mentioned similar 
processes in the carrageenin granuloma of the rat without giving any details. 
Benitz & Hall (1959), Monis et al. (1968) and Kajikawa et al.' (1969) 
reported degenerative changes in macrophages during the evolution of the 
carrageenin granuloma in rats. Although Monis et al. (1968) mentioned 
a steadily increasing number of fat cells from the 7th day onward, and 
Kajikawa et al. (1969) reported that after 7 to 8 weeks the breakdown of 
cells is accompanied by "fatt\ degeneration", neither these authors nor 
Benitz & Hall ;1959) described complete replacement of the granuloma 
by adipose tksue. In the /-carrageenin granuloma of the rat we found 
degenerarne changes of the histiocytes (pyenotic and caryorrhectic nuclei) ; 
in addition, the splitting of collagen bundles into fibers and transition of 
fibers into amorphous material possibly points to breakdown of collagen. 
The moderate number of fat cells di^coNcred in the 100-day old /-carra-
geenin granuloma of the rat might indicate that eventually thi« granuloma 
is replaced by adipose tissue. However, in the rat this replacement will take 
far more time than in the guinea pig. 
It is unlikely' that the different amounts of injected carrageenin (total 
amount, concentration of the injected solution or amount per g body 
weight) can account for the differences between guinea pig and rat gra-
nulomata, since granulomata provoked by equal amounts of carrageenin 
in both species «-how the same differences. 
Stöhr et al. (1955) described histioevtes as more or less rounded cells with 
a kidney-shaped nucleus and a cytoplasm which contains varying numbers 
of phagocytic \acuolcs; the cells have a remarkable capacity for phago-
cytosis. This definition fits almost completely that of mononuclear wandering 
cells in connective tissue presented by Bloom & Fawcctt ( 1968). The latter 
authors called these cells monocytes. Since the term monocyte is used for 
large mononuclear cells in the blood, we called the phagocytic cells in the 
¿-carrageenin granuloma histiocytes. 
There is much confusion as to just what a monocyte is, because the defi-
nition of this cell type has been obscured by contradictory opinions of the 
proponents of the various theories of blood formation. When preparations 
of blood are studied light micro'-copically, the non-granular leukocytes are 
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seen to consist of a scries of transitional forms that begins with the smaller 
Kmphocvte and ends with larger cells of quite different appearance, the 
monocytes. But the rnidportion of thi« scries of transitions is a group of cells 
which cannot easily be classified as either typical lymphocytes or monocytes. 
Identical problems arc encountered in electron microscopical studies of 
non-granular lciikoc\te> (Low & Freeman, 1458; Bessis, 1964; Hirsch & 
Fedorko, 1968). Moreover, the ultrastructure of the monocytes is changed 
if the animal has previously received a subcutaneous injection of Д-carra-
geenin (p. 33 and 34). Therefore, the monoc\tcs refercd to in this thesis 
include "true monocytes" (Wintrobe, 1967; Bloom & Fawcctt, 1968) and 
"large lymphocytes''. The criterion for distinguishing large from medium 
and small lymphocytes was mainly «i/e: 10 // was taken as the dividing line. 
After a single injection of ^H-TdR in the blood stream any significant 
labeling of nuclear DNA of epithelial cells occurs within the 1st hr (Blen-
kincopp, 1968). Maximal labeling of neutrophilic granulocytes ( 8 3 ^ ) and 
monoc\tes (46*^ ) in the blood stream was reached about 96 and 48 hrs 
respectively after a single 8 H-TdR injection. By using a "pul«e chase" 
system with : iH-TdR and non-radioactive TdR we found evidence that 
labeling of the stem cells of neutrophilic granulocytes and monocytes occurs 
within the 1st hr after isotope administration (unpublished data). Ac-
coiding to the dosage schedule applied for prclabeling white blood cells 
Я-carragecnin was injected 6 hrs after the last : jH-TdR injection. Therefore, 
the foregoing finding indicates that practicallv all labeled exsudate cells 
must have come from the blood stream. 
Up to 3 day, after /-carrageenin injection the labeling percentages of 
labeled histiocytes are almost identical with tho te of the monocytes. Com­
pared with these values the labeling percentage of the lymphocytes is \'cry 
low. Labeling of the histiocytes bv ^H-TdR of the nuclei of ly-ed neutro­
philic granulocUes through a salvage pathway iecms unlikely, because the 
endothelial cells, pericytes and fibroblasts, which during this period show a 
strong proliferative activity (mitotic figures and labeling by a pulse of 
3 H - T d R ) , remain unlabeled. 
Conclusively, up to 3 days after /-carrageenin injection the major part of 
the histio(\tes originate from monocytes. This postulate is in accordance 
with the findings of Ebert & Florey (1939), Volkman & Gowans (1965) 
and Spector et al. (1965). 
After 6 days the percentage of labeled monocytes (fig. H I , 12) is higher 
than that of the histioc\tes (table III , 1 ). This finding probabh implies that 
the number of monocytes which invaded the lesion from 3 to 6 davs is very 
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small, while on the other hand during the same period the amount of 
3 H-TdR of mam histiocyte nuclei had diminished so strongly by mitotic 
divisions that the isotope is no longer detectable by autoradiography. From 
3 to 6 days the decreasing grain number of "prelabcled"' histiocytes indicates 
also that the histiocytes dhidc during this period. Histiocyte proliferation 
had already started in the 4-day old lesion since at that time nuclei of 
histiocytes were labeled by a -'H-TdR pulse. After 8 and 13 davs pulse 
labeled nuclei of histiocytes are found which demonstrates that histiocyte 
proliferation continues up to 13 da\s. After 30 davs this proliferation 
appeared minimal. 
The histiocyte functions primarily as a scavenger cell. The large number 
of vacuoles with mvelin figures, the structure of the outer cytoplasmic mem­
brane, and the endoplasmic reticulum of the histiocytes of the 3-day old 
lesion agree with the characteristics of acti\cl\ resorbing histiocytes of in­
flamed tissues as described by Gieseking (1966). In addition, almost com­
plete neutrophilic granulocytes and remnants of these cells are found in 
the cytoplasm of the histiocytes. 
The metachromatic material in the cytoplasm of the histiocytes is pre­
sumably identical with phagoc\tized /i-carrageenin since this intracellular 
substance and /-carrageenin in vitro demonstrate identical staining pro­
perties. Howcyer, although a substantial part of the injected /-carrageenin 
will be located extracellularly at least during the 1st day (after 2 days the 
amount of phagoevtized Я-carrageenin is significantly larger than after 
1 day), no extracelluldrly located metachromatic material was found in 
formalin or Carnoy fixed, paraffin sections, nor in formalin fixed, fro/.en 
sections of the 1-day old tissue, besides a few minor exceptions. The question 
whether the absence of extracellular тсІасЬготача of /i-carrageenin is due 
to alterations of its staining properties (for instance through masking of 
sulphate groups by plasma proteins), or because of a concentration too low, 
cannot yet be answered. 
While during the first 5 days /-carrageenin is present in distinct vacuoles, 
after 12 davs the major part of the metachromatic material is diffusely 
distributed throughout the cytoplasm of the histiocytes; after 30 days the 
honeycombed structures of the histiocytes contain /.-carrageenin. 
The elcctronmicroscopical study of the 3-day old lesion showed histiocytes 
in different stages of phagocytosis. With the aid of 1 /( Epikote sections it 
could be demonstrated that the metachromatic material observed by the 
light microscope is present in large phagocytic vacuoles. Whether the uptake 
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of л-carragecnin takes place by wa\ of pseudopods or coated vesicles is not 
clear. 
The ultrastructurc of the histiocUes of the 12-da\ old granuloma seems to 
consist of a i-erio of transitional forms that begins with macrophages and 
ends with vesiculated cells. Metachromatic material appears present in 
phagocytic vacuoles of the macrophages (the vacuoles are similar to those 
of the histiocytes of the 3-day old lesion) and in the vesicle-like structures 
(probably corresponding with the diffuse distribution of metachromatic 
material observed by visible light). 
After 30 days the histiocytes mainly show up as vesiculated cells. The size 
of their vesicles had increased so that at this time the vesicles are visible 
by the light microscope as honeycombed cytoplasmic structures. 
Textbooks usually define fibroblasts as if the\ were definite entities (Maxi-
mow, 1927; Stöhretal., 1955; Finerty & Cowdry, 1960; Bargmann, 1967). 
However, by direct observation of living fibroblasts in transparent chamber; 
in rabbits' cars Stearns ( 1940) demonstrated that during tissue development 
the form of fibroblasts is more diverse than is suggested by these textbooks. 
The study presented here deals also with cells during tissue development. 
The description of fibroblasts of Bloom & Fawcett (1968) includes the 
diversity of forms in different functional stages. Therefore, the identification 
of fibroblasts of the Я-carrageenin granuloma is based upon the description 
of these authors. 
The origin of fibroblasts of the Я-carrageenin granuloma was studied against 
the background of the ancient and continuing controversy over hemato­
genous (Maximow, 1902; Carrel & Ebeling, 1926; Bloom, 1928) versus 
histogenous (Virchow, 1871; Marchand, 1901; Aschoff, 1924) derivation 
of fibroblasts. 
After prelabeling of the white blood cells with '^H-TdR the fibroblast 
nuclei of the /-carrageenin granuloma arc not labeled. Therefore, at least 
the major part of these fibroblasts are not derived from blood leukocytes. 
The finding that nearly all the nuclei of the fibroblasts of the 30-hr and 
4-day old lesion are labeled after a ; ,H-TdR pulse, supports the hypothesis 
that the fibroblasts originate by proliferation of local tissue cells. Using 
irradiation Grillo (1964) presented evidence that the fibroblasts in healing 
wounds are also derived from locally resident cells. 
The proliferating fibroblasts of the 1-day old Я-carrageenin lesion arc 
located close to the blood vessel walls whose pericytes at this time also show 
strong proliferative activity. This might suggest that the pericytes are pro­
genitors of fibroblasts. 
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Of the 8-da\ old /-carragccnin granuloma mainly the nuclei of those fibro-
blasts which are invading the necrotic areas are labeled after a ''H-TdR 
pulse. This finding shows that particularly those fibroblasts which migrate 
seem to proliferate, a phenomenon already described by Stearns (1940). 
Since up to 13 days the number of pulse labeled nuclei of the fibroblasts 
surpasses by far that of the histiocytes, it appears that the proliferative 
response to /-carragccnin injection in the rat mainly concerns the fibro-
blasts. 
Judging from the number of puNe labeled fibroblast nuclei their proliferative 
activity decreases from 8 to 30 da\s to a very low level. 
It is generali) recognised that the fibroblast pla\s an essential role in the 
production of collagen fibrils and other extracellular components of con-
nective tissue. After studying the relations between ultrastructure, prolife-
rative activit) and collagen production of fibroblasts several authors (Peach 
et al., 1961; Movat & l'crnando, 1962; Goldberg & Green, 1964; Haust 
& More, 1967; Ross, 1968) presented evidence that active fibroblasts 
appear in 2 morphologicalb different forms reflecting 2 functional stages: 
1. Proliferating fibroblasts which do not produce collagen; 2. After 
cell multiplication had ceased, fibroblasts which produce extracellular 
components of connective tissue. 
In the /-carragccnin granuloma up to 4 days almost all fibroblasts are 
proliferating. Morphologically thcic fibroblasts could be characterized by 
a well developed, rough endoplasmic reticulum whoce short cisternac arc 
undilated and scarcely communicate. As was indicated by pul^e labeling, 
after 12 days the major part of the fibroblasts no longer show proliferative 
activity. In contrast with the ergastoplasmic cisternac of proliferating fibro-
blasts, the cisternac of non-proliferating fibroblasts are usually dilated and 
show up as a continuous cytoplasmic system. In healing wounds (Haust 
& More, 1967; Ross, 1968) and regenerating tendon (Peach et al., 1961; 
Movat & Fernando, 1962) identical differences between the ergastoplasmic 
structure of proliferating and non-proliferating, collagen producing fibro-
blasts arc found. This indicates that the fibroblasts of the /-carragccnin 
granuloma appear also in 2 different functional stages: proliferating fibro-
blasts and non-proliferating, collagen producing fibroblasts. In addition, 
in the 30-da\ old granuloma fibroblasts arc found whose ergastoplasmic 
structures differ from that of the 2 described forms. The profiles of their 
rough endoplasmic reticulum arc much longer than those of proliferating 
fibroblasts. Compared with the collagen synthesizing fibroblasts of the 12-
and 30-day old granuloma, the ci-ternae of the crgastoplasm communicate 
only seldom. They are slightly dilated and after fixation by glutaraldehydc 
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their content is electron-dense. The finding that these fibroblasts are 
prcfcrentialh located in areas consisting of disintegrated cells might reveal 
that this ergastoplasmic structure reflects a degenerate fibroblast which 
does not proliferate nor produce collagen. 
Based upon the foregoing study on the functional stages of the fibroblasts 
of the /-carrageenin granuloma, it is probable that during the first 3 days 
after /-carrageenin injection no new collagen fibrils have been formed. 
Moreover, it is suggested that the pre-existing collagen fibrils are disinte-
grating b\ the following observations made on the 3-day old lesion: 
1. Filaments (diameters from 60 to 120 A) are located near almost all 
collagen fibrils (mean diameter 720 A) ; 2. Collagen fibrils (diameters about 
350 A) are continuous with beaded filaments (diameters from 80 to 
150 A). Extracellular dissolution of collagen fibrils might be caused by 
collagenohtic enz\mes released from histiocytes in the case of carrageenin 
granulomata reported by Robert & Gambier (1964), Kajikawa et al. 
(1969) and Pérez-Tamayo (1970), and/or from neutrophilic granulocytes 
(Lazarus et al., 1968). Intracellular dissolution of collagen fibrils which 
is reported by Luse & Hutton (1964; during the postpartum involution 
of the rat uterus) and by Parakkal (1969; during the hair growth cycle 
of mice) probably does not occur in the /-carrageenin granuloma, because 
intracellularly located collagen fibrils were not observed. 
As previously pointed out, the ultrastructure of the major part of the fibro-
blasts of the 12-day old granuloma appears characteristic of collagen pro-
ducing fibroblasts. Therefore, at least a part of the collagen fibrils found 
at that time will be derived by de novo synthesis of collagen. According to 
the distribution pattern of the diameters of the collagen fibrils of the 12-day 
old /-carrageenin granuloma 3 t\pes of collagen fibrils are distinguished: 
Type A (diameters from 600 to 1100 A) ; Type В (diameters from 300 to 
400 A) ; Type С (diameters from 80 to 150 A). Se%cral studies on collagen 
synthesis (Chapman, 1961; Ross & Benditi, 1961; Temando & Mo\at, 
1963; Goldberg & Green, 1964; Haves & Allen, 1967) have also demon­
strated a very similar distribution of fibril diameters. Why fibril diameters 
should be limited in the presence of a continuous supply of collagen is 
not clear. 
In the 30-day old /-carrageenin granuloma complexes of 2 to 5 collagen 
fibrils of type Л are found. The fibrils of these complexes are twisted around 
each other, and the band patterns coincide. Although collagen fibrils with 
diameters up to 3000 A are described, particularly under pathological 
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conditions (Haust & More, 1967), it is not recognised that they are built 
up b\ several fibrils. Lambda carragcemn might be involved in the unusual 
aggregation of collagen fibrils by acting as a "glueing" substance between 
definite sites of the fibrils. Λη indication of the attachment of carrageenin 
to specific parts of collagen fibrils is presented by Kajikawa et al. (1969). 
These authors reported an increased electron density in certain parts of the 
band pattern which are also stained intensch by ruthenium red. Ruthenium 
red is supposed to stain Polysaccharides; in the tase of the carrageenin gra-
nulomata this might concern carrageenin. 
I l l 1 III 2 
I I I 3 III 5 
F I G I I I , 1. Abdominal wall of a ronlrol rat, Cu — cutis, S = subrutjneous con­
nective ti'sue, I' = plat>snia, I = intermuscular lonneetive tissue, Γ — fascia, 
M = m rectus abdominis H. & Ε. χ 43 
Ι Ί G 111,2 1 Da> after /-cairatfeenin injection, Cu = cutis, S — subcutaneous 
connective tesile; Ρ ~ platvsma, I = intermuscular layer with /-carraçeemn, F — 
fascia; M — m rectus abdominis Ε. ν G λ 11. 
TIG 111,3. 1 Day after /-саггащсепіп injection, focal accumulation of ijranulocvtes 
and histiocytes around blood vessels, fi = fibrinous deposition; pc ~ fragment of a 
pre-cxistme collagen bundle H & Ε χ 270. 
H G 111,5 2 Days after Â-carraijeenm injection, (he cytoplasm of the histiocytes 
shows many vacuoles II & F χ 680 
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Il l 6 III 8 
III 9 III 10 
F I G . I l l , 6. Intorrmisnilar layer 7 clays after /.-carraceenin injection; Λ = cell ac­
cumulation of histiocytes and fibroblasts around blood vessels ( b ) ; N = necrotic 
area. H. & Ε. χ 41. 
F I G . I l l , 8. 12 Days after /-carratjeenin injection; fb ~ fibroblast; h = histiocyte; 
bh = binuclealed histiocyte; hs = histiocytic syncytium; m = mitotic figure; 
pn = рус none nucleus. I I . & Ε. χ 260. 
F I G . I I I , ! ) . 12 Days after /.-carrageenin injection; pc ~ pre-existing collagen bundle; 
nc = newly formed collagen fiber; hs - histiocyte syncytium. E. v. G. χ 410. 
F I G . I l l , 10. 30 Days after Я-carrageenin injection; h = histiocyte with honeycombed 
cytoplasmic structure; fb = fibroblast; gc = giant cell with several nuclei; nc = 
newly formed collageni fibers. H. & Ε. χ 130. 
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H i l l III 15 
III 14 
F I G 111,11 30 Days after / -(arraçrenm mju tion, er — eiam cell with зсмтаі nuclei, 
pc — prc-oxistmiT collaE;en bundle 5ρ1ηΐιης into " b a n d s " of thin fibers L ν G χ 410 
F I G 111,14 Hisliocvte 5 dass after /-carraçeenm mjcdion, η — nucleus, m — 
mitochondrion, ρ = pseudopod, p\ ~ phagocytic vacuole, em — extracellular 
material en«ulf(d by plasmaleintna, coatid visicle 1 = οηςιη, 2 — in cytoplasm, 
3 = fusing with a phagocytic vacuole, db = dense body O s O j fix χ 14,700 
I IG 111,15 Histiocyte 3 days after / larraifeenm injection, η = nuileus, m — 
miloihondnon, piv — pmocytic vaiuoles, fi = fibrin, ρ — pseudopod OsO^ fix 
χ 12,700 
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Il l 16 III 18 
III 17 
F I G I I I , 16 Monocyte of a control animal, η = nucleus, m = mitochondrion, 
fl — filaments, db = dense body Glutarald fix χ 44,500 
F I G I I I , 17 Fibroblast 3 dajs after л-саггасоешп injection, η — nucleus, nl — 
nucleolus, m — mitochondrion, Gm — Golçi membranes, гег — rouçh endoplasmic 
reticulum, 1 — lipid droplet Glutarald fix χ 2b,000 
F I G I I I , 18 Neutrophilic çranulocyto, located extravaseularly, 3 days after /-carra-
s;eenin injection, η = nuclear lobe, om — outer nuclear membrane, ns = nucleai 
space, ц — granule O s 0 4 fix χ 13,700 
52 
m ,/^Τ:-
'Jr?*èky 
-у.\ 
Il l 19 III 21 
III 20 
H G 111,19 Histiocyte ( т . и г о р Ь л т ) 12 cla\s after /-еаггаоччпт injection, η -
nucleus, m = mitochondrion, G m = GO1E;I membrane's, p\ = phagocytic vacuole, 
piv — pmocvtic vacuole, ρ = cytoplasmic spur OsO^ fix χ 9,300 
F I G 111,20 Ilibliocytc ("vesiculated" celli 12 da\s after / carraceenm injection, 
η = nucleus, m — mitochondrion, о т — outer cuoplasmic membrane, \ = vesicle, 
arrows point at narrow channels v\hiih connt^ct vesicles OsO^ fix χ 11,700 
F I G 111,21 tibroblast 12 days after /-carrageenin injection, m = mitochondrion, 
rer = rough endoplasmic reticulum, sv — smooth vesicles, с = collagen fibrils 
O s 0 4 fix χ 17,100 
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Il l 22 
III 23 
III 24 
III 25 
III 26 
F I G 111,22 Histiocyte ( " \ e s i i u l a u d " cell) 30 da>s after Лгаггасеепш injection, 
η = nucleus, m = mitochondrion, \ = vesicle O s 0 4 fix χ 7,700 
F I G 111,23 Fibroblast 30 days after Â-carraçeenm injection, rer = roue;h endo-
plasmic reticulum Glutarald fix χ 27,800 
F I G I I I , 24 Fibroblast 30 days after /-carraçcenin injection, rer = roue;h endo-
plasmic reticulum, m = mitochondrion, 1 = lipid Glutarald fix χ 22,200 
F I G I I I , 25 Fibrin 3 davs after Д-саггассепіп injection, the period of cross-stnalion 
measures 190 A O s 0 4 fix χ 91,000 
F I G 111,26 Cross-sectioned collagen 3 days after /-carragee nin injection, average 
diameter of the fibrils is 720 \ , arrows jxunt at filaments (diameters between 60 and 
120 Λ ) , am = amorphous material O s 0 4 fix χ 143,000 
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Ill 27 
III 28 
F I G . I l l , 27. 3 Days after /.-carragecnin injection; cross-striatod solitary rollaron fibril 
(diameter about 350 A) is disintegrating into beaded filaments (diameters between 
80 and 150 A). O s 0 4 fix. χ 42,000. 
F I G . I l l , 28. 12 Days after /.-carrageenin injection; " A " = collagen fibrils of type 
" A " (diameters about 750 A ) ; " B " = collagen fibrils of type "15" (diameters about 
375 A ) ; " C " — filaments of type " C (diameters about 120 A); Fb — part of a 
fibroblast. O s 0 4 fix. χ 25,000. 
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Il l 29 
III 30 
F I G I I I , 2() Cross-sectionod collaçcn SO days after /-carrageenin injection, 1-4 — 
aggregates formed by 2 to 5 collagen fibrils Os ( ) 4 fix χ 42,000 
F I G 111,30 Longitudinally sectioned collant η 30 days after À-carragecnin injection, 
aggregates of collagen fibrils twisted around each other, the band patterns coincide 
(periods of cross stnation about 080 Л) С)ь0 4 fix χ 108,000 
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CHAPTER IV 
THE BIOCHEMICAL APPRO VCH T O THE DEVELOPMENT 
OF THE LAMBDA CARRAGEENTN GRANULOMA 
1. INTRODUCTION 
Since the structure of tissues is built up through and maintained by bioche­
mical reactions, both morphological information and knowledge of the 
biochemical processes are necessary in order to achieve a more complete 
understanding of the connective tissue reactions to л-carrageenin. 
This chapter deals with: 
1. Biochemical characterization of the developmental stages of the л-сагга-
geenin granuloma. This implies determinations of the wet and dry weight, 
and of DNA, non-collagen protein, fat and collagen ; 
2. An investigation of the collagen metabolism of the A-carrageenin gra­
nuloma. This concerns determination of the rates of collagen ana- and 
catabolism, and investigation of the mechanisnus) b\ which ¿-carragcenin 
could be involved in the collagen metabolism. 
2. RESULTS 
The most informative way of expressing quantitative determinations at 
different stages of the л-carrageenin granuloma development is to calculate 
total amounts per granuloma, because this i« the onl\ reference that in 
principe does not change during the development. 
Microscopic examination of granulomata dissected as completely as possible 
showed that always varving amounts of subcutaneous tissue not belonging 
to the granuloma proper arc present. Fat and buffer insoluble collagen 
appear in such large quantities in this subcutaneous tissue that they sub­
stantially interfere with their determinations in the granuloma. This 
interference necessitates a determination of these substances in represen­
tative, uncontaminated granuloma ^amples. On the other hand, the wet 
weight (WW), the weight after frec7C-dr\ing and ether extraction ("dry 
weight" = DW), and the amounts of DNA and non-collagen protein of 
subcutaneous tissue are small compared to those \alues of the granuloma. 
These substances are determined in completely dissected granulomata. 
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2.1. W E T WEIGHT 
The granuloma wet weight changes remarkably during development (fig. 
IV, 1 ). After 1 day the wet weight of the tissue has reached its maximum 
( = 5.9 g; maximum A), whereafter it falls quite rapidly to 2.5 g after 
4 days. Subsequently, the wet weight increases up to 3.5 g after 6 days 
(maximum B). From 6 to 9 days a rather rapid drop to 2.1 g is seen. Finally, 
the wet weight of the granuloma slowly decreases and reaches a value of 
1.5 g after 30 days. 
Wet weight of injected solution 
Wet weight (WW) 
•X Water 
—ι— 
10 15 20 25 30 
Days after injection of ¿-carrageenin 
FIG. IV, 1. Wet weight (AVW) and amount of water of the Я-rarragrrnin granuloma 
during its devciopmont. Each point represents the mean value of 8 granulomata. T h e 
vortical bars represent the standard error of the mean. T h e amount of water is cal­
culated by substracting the granuloma weight after freeze-drying from its wet weight. 
The curve of the amount of water per granuloma runs parallel with the 
curve of the wet weight (fig. IV, 1). This implies that after 30 days the 
relative amount of water is different from that in the earlier stages. 
2.2. " D R Y WEIGHT" 
The weight of the granuloma after freeze-drying and ether extraction is 
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depicted in fig. IV, 2. This curve has the same overall shape as that of 
the graph of the granuloma wet weight (fig. IV, 1) with the exception 
that the first decrease of "dry weight" starts after 2 da\s, while the decrease 
of the wet weight has already started after 1 day. After 24 days the "dry 
weight" has reached a rather constant level of 250 mg. 
"Dry weight" (mg) — ~ ι 
ш
 1 ι 1 1 г 
5 10 15 20 25 30 
Days after injection of -l-carrageenin 
FIG. IV, 2. "Dry weight" (DW) of the /.-rarragecnin granuloma during ils dovelop-
ment. Each point represents the mean weight of 8 granulomata after freeyc-drying 
and ether extraction. The vertical bars represent the standard error of the mean. 
2.3. D N A 
T h e results of the determinations of D N A per granuloma are presented in 
fig. IV, 3. This graph shows a shape rather similar to that found for the 
"dry weight" (fig. IV, 2) with the exception that m a x i m u m A of the latter 
is reached 1 day before that of D N A . This could be explained by the finding 
that at the 3rd day a massive invasion by white blood cells into the lesion 
occurs, thus increasing the "dry weight" and the D N A content of the gra­
nuloma ( I I I 2.2.1.) ; but, because the "dry weight" already has fallen 
after the 2nd day, this shows that extracellular material has been previously 
removed from the granuloma. 
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DN Ч f mg/granuloma) mg DNX/g DW 
100 
1
 1 1 1 1 1 r1- υ υ 
5 10 15 20 25 40 
Da)s after injection of /-carragcenin 
F I G IV, 3. Amount of DNA of the ¿-tarraçoonin granuloma during its dovdopment. 
Each point represents the mean value of 3 granulomata. 
DNA per granuloma = DNA per g D W χ D W . 
After 3 days the amount of DNA per granuloma sharply decreases to 
6.5 mg at the 4th day. This indicates that during these 24 hrs the DNA 
of the cells present is broken down much faster (at least to low molecular 
weight fragments which are extracted before the determination of DNA) 
than the new DNA accumulates either by synthesis in the cells already 
present or by invading monocUes. 
From 4 to 6 days the amount of DNA per granuloma again rises (to 
10.2 mg). This increase is probably due to the strong proliferative activity 
of fibroblasts and histiocytes found after 4 days (III 2.2.2.) and not to 
invasion by monocytes, since it can be concluded from prelabeling experi­
ments (III 2.2.1.) that after 3 days only a small number of monocytes 
still imades the lesion. From the 6th day the amount of DNA decreases 
steadily to reach a value of 4.0 mg after 24 days. From 24 to 30 days this 
value remains rather constant. The descending part of the cur\e may fit 
the discovery of mam disintegrating nuclei of histiocUcs while during 
this period the proliferative activity is rapidly decreasing (III 2.2.2.). The 
amount of DNA per g "dry weight" is also presented in fig. IV, 3. This 
value has often been used in literature as an indication of DNA-svnthetic 
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activity of tissues. It is clear that in this case, where the "dry weight" of the 
granuloma varies strongly, this value can give only limited information on 
this subject. 
2.4. NON-COLLAGEN PROTEIN 
Although collagen as well as non-collagen protein will be extracted by 
0.5 N NaOH at 100 0 C , the amount of protein determined by the Lowry 
method will mainly concern non-collagen protein. The curve of the amount 
of protein per granuloma (fig. IV, 4) resembles the graph of the "dry 
weight" (fig. IV, 2). The first 3 days there is an increase of protein by the 
influx of proteins from blood plasma, the invasion by blood cells and/or 
synthesis. After 3 days the amount of protein decreases, while at 6 days 
a maximum is reached again; and subsequently, a substantial amount of 
protein disappears. Finally, after about 24 days a rather constant amount 
of protein per granuloma ( = 1 5 0 mg) is present. During the entire de­
velopmental period under study the amount of protein per g "dry weight" 
is rather constant and measures between 600 and 700 mg (fig. IV, 4) . 
Protein (mg/granuloma) . .. - -
 m g p r o t e i n / g DW 
U J 1 1 1 1 ! Г 1 
5 10 15 20 25 30 
Days after injection of -i-carrageenin 
F I G . IV, 4. Amount of non-collagen protein of the л-rarrageenin granuloma during 
its development. Each point represents the mean value of 3 granulomata. 
Protein per granuloma = protein per g D W χ DW. 
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2.5. CALCULATED WET WEIGHT (W,,), "DRY WEIGHT"' (D,,), AND AMOUNT 
Ol· ETHER EXTRACTABLE MATERIAL ( F p ) OF THE UNCONTAMINATED 
GRANULOMA 
As previously mentioned, the wet weight, "dry weight", amount of fat 
and collagen of the granuloma proper can not he accurately determined 
in granulomata dissected as completely as possible, because the granuloma 
is not confined to a definite area. In vertical direction it is continuous with 
subcutaneous connective tissue, plat\sma and fascia (fig. I l l , 2 ) ; and in 
horizontal direction, with intermuscular connccth e tissue. However, under-
standing the collagen metabolism and the replacement process of the car-
rageenin granuloma by adipose tissue (Williams, 1957; Fisher & Paar, 
1960; Pérez-Tamayo, 1970) depends largely on the accuracy of the in-
formation on these subjects. 
By combining the measurements on granulomata dissected as completelv 
as possible ( table IV, 1 ) -
- WW = wet weight of a complete granuloma in g, 
- D . i = weight of a complete granuloma after freeze-drying/WAV χ 100, 
-D,2 = weight of a complete granuloma after freeze-drying and ether 
extraction/WW χ 100 -
and on uncontaminated, representative granuloma samples (table IV, 1 ) -
- D,,, = weight of a granuloma sample after freeze-drying/ wet weight 
of the granuloma sample χ 100, 
- D,,.. = weight of a granuloma sample after freeze-drying and ether 
extraction/ wet weight of the granuloma sample χ 100 -
we were able to calculate the following values of the "pure*' granuloma 
(table IV, 2 ) : 
Wp = wet weight of a pure granuloma in mg, 
D p = weight after freezc-dning and ether extraction of a pure granu­
loma in mg, 
Fp = amount of ether extractable material of a pure granuloma in mg. 
Since the subcutaneous tissue consists mainly of ether extractable material 
( 7 5 % ; table IV, 1), the calculations of Wp (and Dp) are simplified by 
leaving out of consideration the small amounts of water and dry, defatted 
material of the contaminating subcutaneous tissue. Based upon the reasoning 
that in this case Wp would be equal to the wet weight of the granuloma 
dissected as completely as possible (WW) minus its ether extractable ma­
terial (D 1 1-D 1 j)WW plus the ether extractable material of the granuloma 
itself (Dpi-Dpj)Wp, Wp is calculated as follows: 
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100 Wp = 100 WW - (DI1-DI2)WW H (Dp.-D^Wp 
100 - (ϋ,,-ϋ,Ο 
Wo = W W χ 
100 - (D p l -D p 2 ) 
TABLE IV, 1. λ Vet weight, percentage of wet weight after freeze-drying, and per­
centage of wet weight after freeze-drying and ether extraction of granulomata dis­
sected completely and of granuloma samples. 
Subcutaneous 
tissue (ventr.) 
N 
x" 
SEM 
V 
Carr. Gran. 
after 3 days 
N 
x" 
SEM 
V 
Carr. Gran. 
after 12 days 
N 
x" 
SEM 
V 
Carr. Gran. 
after 30 days 
N 
X* 
SEM 
V 
WW 
8 
3.16 
0.25 
5 
8 
2.06 
0.09 
5 
8 
1.51 
0.07 
5 
D
r l 
8 
20.71 
0.54 
5 
8 
26.95 
1.14 
5 
8 
28.02 
0.72 
5 
п
г г 
8 
13.12 
0.97 
5 
8 
16.98 
0.41 
5 
8 
16.89 
0.16 
5 
D P . 
10 
82.37 
0.98 
9 
6 
12.10 
0.32 
5 
8 
19.89 
0.14 
7 
8 
22.55 
0.47 
7 
Dp. 
9 
7.20 
0.40 
8 
14 
10.05 
0.27 
13 
25 
17.16 
0.16 
24 
12 
17.45 
0.33 
11 
D
r l - D r 2 
8 
7.59 
0.98 
5 
8 
9.98 
1.36 
5 
8 
11.14 
0.77 
5 
D A 
9 
74.96 
1.06 
8 
6 
1.55 
0.31 
5 
8 
2.54 
0.19 
7 
8 
4.54 
0.71 
7 
X 
χ 
SEM 
number of items 
mean value 
standard error of the mean 
ν = number of degrees of freedom. If the material of 3 samples is pooled, the 
number of degrees of freedom is N minus 3. Otherwise it is N minus 1. 
For the definition of the other abbreviations see text. 
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Subsequently, the amount of ether extractable material of a pure granu­
loma ( Γ ρ ) and also its weight after f reeze-drying and ether extraction ( D,, ) 
can be calculated-
F p = ( D p l - D p i ) W p 
D p = D p 2 X Wp 
TABLE IV, 2 Calculated values of Wj,, D p , and F p m mg 
Carr. Gran 
after 3 days 
x" 
SEM 
W
P 
2,960 
230 
WW 
3,160 
250 
О
л 
385 4* 
32 5 
DW 
409 4 
31 6 
F P 
45 9 
99 
Carr Gran 
after 12 days 
χ 1,900 2,060 329 1 348 6 48 2 
S E M 60 90 111 12 0 3 9 
Carr Gran 
after 30 days 
χ 1,400 1,510 2518 254 6 63 6 
S E M 60 70 118 14 1 4 1 
ìc ~ mean value 
SEM = standard error of the mean 
For the definition of th( other abbreviations see text 
SEM values of \V D , and F arc calculated accordinç to a method e;iven by Kendall 
& Stuart (1958) 
* D of the 3 day old granuloma is calculated by D = D1 χ W 
When the values of Wp are calculated individuallv b\ dividing χ ( = WW 
[100 - (D,,-D,.)]) by y ( = the mean sample valueof 100 - (D.n-D,.)), 
Wp is always smaller than WW. Application of the sign test shows Ρ <0 05 
This can also be done for Dp and "drv weight" of granulomata dissected 
as completelv as possible (,DW) with identical results Howe\er, all values 
of Wp and D p are within the range of 2 χ SEM of WW and DW respectn eh, 
so that graphs of Wp and Dp during the granuloma development will pro­
bably show onl\ minor deviations from the curves in fig IV, 1 and 2 
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D,, of the 3-day old granuloma, calculated with D,, = D,,.. χ W,,, is 297.5 mg. 
This value differs substantialK from DW {= 409.4 mg). This difference 
is probably due to the heterogeneous composition of the granuloma which 
made it difficult, particularly at that time, to take representative samples. 
Microscopic examination showed that the major part of the fibrinous de­
positions arc located in the close vicinity of fascia and platysma. These are 
the exact areas left behind in the animal when a granuloma sample is taken. 
Therefore, the value of Dp of the 3-day old granuloma, calculated from the 
weight percentages determined on these samples, will be too low. For this 
reason it seems much more realistic to calculate D,, of the 3-day old granu­
loma by using the weight percentages of granulomata dissected as completely 
as possible (D,..). The heterogeneity of the 3-day old granuloma might also 
imply that the value of Fp of the entire granuloma differs substantially 
from 45.9 mg, the value calculated for the central part of the tissue. 
We have tested the mean value differences of F,, at 12 and 30 davs, which 
are supposed to be about normally distributed, by using the test statistic u, 
defined b\ : 
Γ ρ Ι J Γ ,, о 
| s,2, + s,!, 
N(0,1) 
2.71 0.007 
N(0,1) = standard normal distribution, 
S = standard error of the mean, 
Ρ — probability (two-sided test). 
The significant increase of F,, from 12 to 30 days (corresponding with an 
increase of the amount of ether extractablc material from 2.5 to 4.5% 
of W,,) might suggest that during this period the process of granuloma 
replacement by adipose tissue, as was described by Williams (1957) and 
others, has started. 
2.6. COLLAGEN 
2.6.1. Amount of collagen 
Information on the amount of collagen can be achieved by hypro deter­
mination. Hypro is an imino acid almost exclusively present in collagen. 
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In table IV, ЗА and 3B the results of the hvpro determinations in soluble 
collagen (extracted b\ 0.15 M Na-citrate buffer pH 3 41 at 4 0 G ) and 
buffer insoluble collagen (extracted with aqua dest at 100 0 C after the 
T A B L E IV, ЗА H>pro in soluble and 
subcutaneous tissue, and /-rarragecnm 
buffer insoluble collaçen of samples of skin, 
granuloma 
Skin (ventr ) 
N = 5 
x" 
SEM 
Subcutaneous 
tissue (ventr ) 
N = 2 
χ 
S E M 
Carr Gran 
after 3 days 
N = 8 
"x 
S E M 
Carr Gran 
after 12 days 
N = 8 
x" 
S E M 
Carr Gran 
after 30 days 
N = 8 
x" 
S E M 
mg hypro/g 
"dry weight" in 
soluble collagen 
(HS) 
190 
0 57 
2 65 
0 25 
3 84 
0 15 
7 45 
0 49 
10 62 
0 33 
* R H S 
2 7 
0 8 
5 1 
0 5 
32 9 
1 2 
48 4 
2 8 
43 4 
1 3 
mg 
"dry 
i n 
hypro/g 
weight" 
buffer 
insoluble collagen 
( H I ) 
69 94 
2 65 
49 25 
0 55 
7 84 
0 3 1 
7 99 
0 56 
13 92 
0 55 
R I I I 
97 3 
0 8 
94 9 
0 5 
67 1 
1 2 
5 1 6 
2 8 
56 6 
1 3 
mg hvpro/g 
"dry weight" 
in soluble and buffer 
insoluble collagen 
( H T ) 
7184 
2 57 
5 1 9 0 
0 30 
11 68 
0 35 
15 44 
0 54 
24 55 
0 63 
N = number of items 
"x = r m a n value 
SEM = standard error of the mean 
For the definition of other abbreviations see text 
* This fraction includes free hypro It was found by preliminary experiments that the 
amount of free hypro of subcutaneous tissue measures 0 6% of the total amount of 
hypro, in the granuloma after 12 days this amount reaches a maximum of 2 0 % of 
the total amount 
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7 06 
5 35 
0 24 
7 60 
5 87 
10 97 
5.16 
1 63 
14 
14 
14 
14 
14 
14 
14 
14 
<0 001 
< 0.001 
081 
< 0.001 
< 0.001 
<0001 
<0.()1 
0.10<Ρ<Ό.20 
buffer extraction) of samples of skin, subcutaneous tissue and granulomata 
are presented: 
HS = mg h) pro of soluble collagen per g "dry weight", 
HI = mg h\pro of buffer insoluble collagen per g "dry weight", 
H T = total amount of hypro in mg present per g "dry weight" 
( = HS + H I ) , 
RHS = H S / H T χ 100, 
RHI = H I / H T χ 100. 
TABLE IV, ÍB Student's t-tcst for two samples applied to values of table IV, ЗА 
HS 3d — IIS 12d 
HS 12d — IIS 30d 
HI 3d — HI 12d 
III 12d — HI 30d 
IIT 3d — IIT 12d 
HT 12d — IIT 30d 
RHS 3d — RHS 12d 
RHS 12d — RHS 30d 
t = test statistic 
ν = number of degrees of freedom 
Ρ = probability 
A two-sided test was always earned out with a signifieance level equal to 0 05. 
From 3 to 12 days H T of the granuloma increases. This is caused by an 
increase of HS; during this period HI docs not change. From 12 to 30 days 
H T rises again; its amount is onh 50c/( of H T of subcutaneous tissue. This 
increase is due to a rise of both HS and HI. 
Since the cell population of the granuloma during the first 3 days consists 
almost exclusively of cells which are principally phagocytic in nature 
(III 2.1.; I l l 2.З.1.), we assume that during these 3 days practically no 
collagen could be synthesized. Hence, all hypro present after 3 days has 
been derived from pre-existing collagen. After 12 and 30 days numerous 
fibroblasts are seen in the granuloma. This finding supports the postulate 
that hypro present in granulomata at these times has been derived from 
newly synthesized collagen as well. 
The soluble collagen fraction includes collagen derived from synthesis 
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(Jackson, 1957; Jackson & Bentley, 1960) as well as collagen originating 
from solubilization of buffer insoluble collagen (Jackson, 1957; Woess-
ner, 1962; Drake et al., 1966; Kajikawa et al., 1969). ЛИ RHS values of 
the granuloma are very high compared with those of skin and subcutaneous 
tissue. The value of the 3-day old granuloma indicates that during the 
first 3 days pre-existing collagen is solubilized. 
During the granuloma development the value of D,, changes (table IV, 2) . 
This implies that information on changes of the amount of collagen during 
the granuloma development can only be obtained by expressing the amount 
of hypro per granuloma (table IV, 4) : 
SC = //moles hypro of soluble collagen per granuloma, 
1С = //moles hypro of buffer insoluble collagen per granuloma, 
TC = total number of «moles hypro per granuloma ( = SC + 1С). 
T A B L E IV, 4A. Calculated amounts of hypro per granuloma in soluble and buffer 
insoluble collagen. 
/imoles hypro in /(moles hypro in 
soluble collagen 
per granuloma 
(SC) 
buffer insoluble 
collagen per 
granuloma 
(1С) 
/imoles hypro in 
soluble and buffer 
insoluble collagen 
per granuloma 
' ( T C ) 
Carr. Gran. 
after 3 days 
x" 
S E M 
11.3 
1.1 
23.1 
2.1 
34.4 
3.1 
Carr. Gran. 
after 12 days 
x" 
S E M 
18.7 
1.4 
20.1 
1.5 
38.8 
1.9 
Carr. Gran. 
after 30 days 
x" 
S E M 
20.4 
1.2 
26.8 
1.6 
47.2 
2.5 
χ = mean value 
S E M — standard error of the mean 
T h e values are calculated by multiplying the determined values of the amounts of 
hypro per g "dry weight" (table IV, ЗА) with the corresponding values of D 
(table IV, 2) . 
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TABLE IV, 4B Tost results on çiven differences of values of table IV, 4A accordinç 
to the method presented on ρ 70. 
0 002 
0 35 
0.26 
0 002 
0 22 
0.008 
SC 3d — SC 12d 
SC 12d — SC 30d 
1С 3d — 1С 12d 
1С 12d — 1С 30d 
TC 3d — TC 12d 
TC 12d — TC 30d 
10, = test statistic 
Ρ = probability (two-sided test) 
4 25 
0 94 
1.13 
3 03 
1.23 
2 66 
From 3 to 30 days the total amount of collagen per granuloma increases 
indicating that generally the rate of collagen synthesis exceeds that of its 
removal (table IV, 4Λ and 4B). From 3 to 12 days the rate of synthesis 
of buffer insoluble collagen is somewhat smaller than the rate of its break­
down. From 12 to 30 days the production of buffer insoluble collagen 
clearly dominates. From 3 to 12 days the amount of soluble collagen is 
substantially increased, thereafter this amount rises slowly. 
If hypro is used as a parameter of the amount of granuloma collagen, it 
must be assumed that the amino acid composition of the granuloma col­
lagen is constant during its development, i.e. the old resorbed and newly 
synthesized collagen should have identical amino acid compositions. In 
order to obtain information on this subject we determined the number of 
moles pro per mole hypro (P/H) in the different collagen extracts (table 
I V , 5 A a n d 5 B ) : 
P/HH(. = moles pro/mole hypro of soluble collagen, 
P/H 1 C = moles pro/mole hypro of buffer insoluble collagen. 
The fact that during the granuloma development the values of P/H,, de­
crease substantially (to 0.93 after 30 days; table IV, 5A and 5B) is unique, 
since in all known collagen fractions of vertebrates this ratio is higher than 
1.0. This decreasing ratio can not be explained by contamination of the 
gelatin fractions by non-collagen protein, because this would only cause 
an increase of the ratio (these proteins may contain pro, but no hvpro). 
In addition, the values of P / H
u
 of the skin and the 3-day old granuloma 
are almost identical with the values of purified rat skin collagen presented 
by Piez et al. (1961; 1963); this might indicate that as far as pro and 
hypro arc concerned the gelatin fractions are rather uncontaminated. 
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TABLE IV. 5A. Moles pro per mole h\pro in collagen extracts of skin and granu­
loma samples. 
Skin (ventr.) 
N 
"x 
SEM 
Carr. Gran. 
after 3 days 
N 
"x 
SEM 
Carr. Gran. 
after 12 days 
N 
x" 
SEM 
Carr. Gran. 
after 30 days 
N 
x" 
SEM 
moles pro/mole hypro 
in soluble collagen 
(P/H„) ' 
4 
4.07 
0.32 
4 
2.85 
0.10 
4 
2.01 
0.03 
* 
2 
1.16 
0.04 
* 
4 
1.33 
0.04 
moles 
in buffer 
pro/mole hypro 
• insoluble collagen 
(P/iiJ 
2 
1.22 
0.05 
5 
1.29 
0.06 
5 
1.11 
0.04 
5 
0.93 
0.006 
N = number of items 
χ - mean value 
S E M — standard error of the mean 
Eor the definitions of the other abbreviations see text. 
* Values determined in the precipitate obtained after addition of NaCl up to a 
concentration of 2 0 % (w/v) to the 0.15 M Na-citrate buffer ( p H = 3.41) extract. 
Although the value of P/H
s r
. after 30 days measures only 5 0 % of the 
P/H M after 3 days, this value clearly exceeds that of skin collagen. This 
is probably due to pro derived from non-collagen proteins in the buffer 
extract. The P/H„ decreases to 1.33 after partial purification through pre­
cipitation by addition of NaCl up to a concentration of 20c/c (w/v) to the 
buffer extract. This value is rather similar to those of skin collagen. The 
decreasing values of P/HS I. of the unpurified extract from 3 to 30 days 
might be related to the decreasing amount of protein per granuloma during 
this period ( fig. IV, 4 ). 
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TABLE IV, 5B. Student's t-tcst for two samples applied to values of table IV, 5Л. 
P/H., 
P/",, 
P/",, 
P/H.« 
3d -
12d -
3d -
12d -
- PH/„ 
- PH/,, 
- PH/,, 
- PH/,, 
12d 
3()d 
12d 
30d 
t 
4.74 
4.71 
2 50 
4.47 
V 
6 
6 
8 
8 
0.02 
Ρ 
0.01 
0.01 
<P<0.05 
4.0.01 
t — test statistic 
r = number of degrees of freedom 
Ρ = probability 
2.6.2. Rates of collagen metabolism 
The results presented in table IV, 4Λ and 4B show to what extent collagen 
synthesis dominates (or is dominated b\ ) collagen breakdown during a 
certain developmental period. The question of how much collagen actually 
has been synthesized or removed could not be answered. Moreover, the 
results presented in table IV, 5Λ and 5B have indicated that, as far as pro 
and hypro of buffer insoluble collagen are concerned, the synthesized and/or 
resorbed collagen might have unusual amino acid compositions. These 
problems could be elucidated by determination of the amounts of pro and 
hypro that are synthesized and removed during a certain developmental 
period. Therefore, pro and hypro of the collagen of young rats have been 
labeled with 3H-pro during their 2nd month of life. To assure that the 
pre-existing collagen is the onh «ource of radioactive pro and hypro in the 
granuloma, the granuloma is induced 20 days after the last administration 
of 3H-pro. This period of time gives the required assurance, because 21 days 
after an intravenous injection of : iH-pro the radioactivity of the blood 
plasma measured only 5% of that of the plasma after 4 hrs. Moreover, 
Lindstedt & Prockop (1961) have presented evidence that, although in­
jected 3H-pro can be expected to enter body proteins with half lives of 
1 to 3 weeks, there is no significant relabeling of hypro in collagen from 
breakdown of these proteins. 
The results of the determinations of the pro and hypro specific activities 
are presented in table IV, 6 : 
saHS = specific activity of hypro in soluble collagen in mCi/M, 
saHI = specific activity of hypro in buffer insoluble collagen in mCi/M, 
saPS and saPI represent these specific activities of pro. 
During the 9-day period the specific activities of the imino acids of buffer 
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TABLE IV, 6 Specific activity of pro and hvpro of collaçen extracted from skin, 
subcutaneous tissue, and granuloma samples after collagen prelabeling with 3 H-pro. 
Skin (ventr ) 
after S days 
after 12 days 
Subcutaneous 
tissue 
after 12 days 
Carr. Gran. * 
after 3 days 
Carr. Gran * 
after 12 days 
mCi/M hypro 
in soluble 
(sallS) 
2 44 
2.34 
3 68 
3.58 
3.12 
mCi/M pro 
collagen 
( M P S ) 
1.91 
2 04 
3.16 
3.05 
2 75 
mCi/M hy 
in buffer 
(saHI) 
2 23 
2.39 
5.12 
3.18 
2 01 
pro 
insol 
tnCi/M pro 
luble collagen 
(saPI) 
186 
2.06 
4 53 
2.90 
1.36 
The mean values of the results of 2 animals arc presented. 
Since in each animal the amount of isotope incorporated originally is different, the 
individual values are corrected by means of the corresponding values determined 
in skin collagen as follows: 
Corrected sallS of granuloma a = 
mean saHS of skin of 4 animals 
————— — ; • χ determined saHS of granuloma a. 
saHS of the skin of animal a 
insoluble skin collagen do not change significantly ( table IV, 6 ), thus re­
vealing once more the high metabolic inertness of buffer insoluble collagen 
(Lindstedt & Prockop, 1961). This enabled us to use the mean value of 
the specific activities of the imino acids from the skin of 4 animals to cal­
culate the corrected specific activities of the granuloma samples (see legend 
table IV, 6) . 
Because collagen bound hypro is not derived from free hypro (Stetten, 
1949; Green & Lowther, 1959) but from collagen bound pro (Hausmann 
& Neuman, 1961), after labeling with 3H-pro the specific activity of pro 
and hypro in new collagen will be almost identical. However, the specific 
activities of soluble and buffer insoluble collagen pro in table IV, 6 are always 
smaller than those of the corresponding values of hypro (the ratios between 
the specific activity of pro and hypro range between 0.71 and 0.91 with 
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the exception of saPI/saHI of the 12-dav old granuloma). This is probably 
not caused by contamination of soluble collagen (extracted by buffer and 
purified through precipitation by 20c/( NaCl) and buffer insoluble collagen 
by cold pro derived from non-collagen protein, because these collagen frac­
tions are rather uncontaminated (p. 74). Other explanations could be: 
1. During hydrolysis, nitrous acid treatment, e\'aporation and chromato­
graphy of the collagen extracts, h\ drogen might replace tritium of pro at a 
greater speed than tritium of hypro; or, 
2. In the collagen molecules tritium might become lost from pro and to a 
lesser extent from hypro through linkage to other substances. 
The saHI and saPI values of subcutaneous tissue are significantly higher 
than those of skin. This can be explained in 3 ways: 1. The amounts of 
imino acids which dilute the incorporated isotope in subcutaneous tissue 
are smaller than those in skin; 2. The incorporation rate of -Щ-рго in col­
lagen is higher in subcutaneous tissue than in skin; 3. Skin collagen might 
have a turnover rate different from that of subcutaneous tissue. 
Apparently non-radioactive, soluble and buffer insoluble collagen are formed 
from 3 to 12 days because during this period the saHS and saHI values 
decrease. It is noteworthy that during this period the relative decrease of 
the saPI value measures 1.44 times that of saHI ( = 53 .1^/36 .8%). This 
will be discussed later. 
By combining the results of the tables IV, 4A, 5A, and 6, one can calculate 
the number of moles hypro and pro of the pre-existing, (radioactive) buffer 
insoluble collagen of the 3-day old granuloma: 
(1 ) Which at the 12th day are still present in the gelatin extract; 
(2) Which at the 12th day have disappeared from the gelatin extract. 
If (1) is known, one can also calculate: 
(3) The number of moles hypro and pro of the gelatin extract of the 
12-day old granuloma which originate from newly synthesized, buffer 
insoluble collagen from 3 to 12 days. The following formulas are used: 
Hvpro: (1) = I C l i d χ saHIud/saHI,,, ; 
(2) = I C , - ( 1 ) ; 
(3) = I C U - ( 1 ) ; 
Pro: Values of (1), (2) and (3) are obtained in the same way after 
calculation of //moles pro per granuloma in the gelatin extract 
through the P / H
u
 values of table IV, 5A. 
The results are presented in table IV, 7. 
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TABLE IV, 7. Calculated amounts of the imino acids of buffer insoluble old and 
new collagen ("gelatin") metabolized in the A-carrageenin granuloma at 3 and 12 days. 
Imino acids of 
buffer insoluble 
collagen 
At the 3rd day 
gelatinizable 
At the 12th day 
gelatinizable 
(1) After 12 days 
still present in 
the gelatin fraction 
(2) After 12 days 
no longer present in 
the gelatin fraction 
(3) At the 12th day 
gelatinizable, 
newly synthesized 
/im 
per 
oles hypro 
granuloma 
23.1 
20.1 
12.7 
10.4 
7.4 
«moles ] 
per granul 
29.8 
22.3 
10.4 
19.4 
11.9 
ЭГО 
oma 
moles pro 
mole hvpro 
(P/H) 
1.29 
1.11 
0.82 
1.87 
1.61 
T h e values are calculated by combining the results of table IV, 4A, 5A, and 6. For 
formulas and the definitions of the different collagen fractions see text. 
Buffer insoluble collagen from the 12-day old granuloma contains 3 5 % 
of its hypro and 53% of its pro in newly synthesized collagen (table IV, 7). 
The P/H value of this collagen is quite high ( = 1.61 ). Although this value 
indicates a high relative amount of pro, one must keep in mind that it 
includes the sum of all foregoing errors. 
After 12 days 5 5 % of the hypro and only 3 5 % of the pro of the pre­
existing, buffer insoluble collagen of the 3-day old granuloma are found in 
the gelatin fraction. Its P/H value is unusually low ( = 0.82), compared 
to the P/H of the gelatin extract after 3 days ( = 1.29). In addition, the 
part of the pre-existing, buffer insoluble collagen which had disappeared 
from the gelatin extract at the 12th day shows a very high P/H ( = 1.87). 
This very remarkable fractionation of normal, buffer insoluble collagen 
prompted us to investigate the possibility of /-carrageenin being involved 
in this process. Moreover, the answer to this question might provide in­
formation on the fate of the part of the buffer insoluble collagen existing 
at 3 days which after 12 days is no longer found in the gelatin extract ( 2 ). 
This pre-existing, buffer insoluble collagen might be: 
1. Still present in the granuloma at the 12th day, but no longer extrac-
table by aqua dest. at 100 C C ; 
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2. Solubilizcd and/or hvdroKzed from 3 to 12 davs and hence already 
extracted b) buffer; 
3. Otherwise removed from the granuloma between 3 and 12 days. 
These 3 possibilities will be elaborated on in the discussion of this chapter. 
2.7. LAMBDA CARRAGLFNIN AND COILAGFN 
2.7.1. Buffer insoluble collagen 
The amounts of hypro successively extracted from dry, defatted rat skin 
by 0.15 M NaCl at 20 0 C with or without addition of /-carrageenin, 0.15 
M Na-citratc buffer pH 3.41 at 4 0 C , and finally bv aqua dest. at 100 0 C 
are presented in table IV, 8. 
TABLE IV, 8. T h e cxtractability of rat skin collagen after addition of /.-carrageenin. 
Successively extracted by 
0 15 M NaCl, 
24 hrs at 20 °C 
0 15 M Na-citrate buffer 
pH M l , ί χ 21 hrs at 4 "C 
Aqua dest, 
3 χ 1 hr at 100 °C 
Total amount 
mg hypro per g 
without Я-сагг. 
39 
09 
49 5 
54 3 
dry, defatted rat skin 
with Я-сагг. * 
0 7 * * 
0 0 
54 0 
54.7 
T h e mean values of the results of 2 experiments are presented. 
* T h e first extraction is carried out v\ith 4 ml 0 5 % /-carrageenin in 0 15 M NaCl 
per 100 mg dry, defatted rat skin instead of 4 ml 0 15 M NaCl used in the contiol 
experiment After the extraction the sediments of both experiments are washed twice 
with 0 15 M NaCl 
** T h e opalescent supernatant after the extraction with 0 5 % Я-carrageenin in 
0 15 M NaCl could not be filtered and is only decanted Therefore, this value might 
represent hypro derived from floating collagen fibers. 
A high amount of hypro is extracted by 0.15 M NaCl without addition of 
A-carragecnin compared to the HS value of skin depicted in table IV, ЗА. 
This might be due to the ambient temperature during the extraction with 
0.15 M N a C l ( = 20 0 C ) . 
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Almost identical total amounts of h\pro are extracted from the skin with 
and without addition of /-carragecnin. This indicates that /-carragecnin 
probably does not influence the extractability b\ gelatinization of buffer 
insoluble collagen. On the other hand, after addition of л-carrageenin to 
the skin samples little or none of the soluble collagen could be extracted. 
One of the first steps of the breakdown of buffer insoluble collagen could be 
its transition to buffer soluble collagen. An effect of ¿-carragecnin on the 
extractability by gelatinization of soluble collagen might also explain the 
foregoing finding of the fractionation of buffer insoluble collagen in the 
granuloma. 
2.7.2. Soluble collagen 
The sources of soluble collagen used were dry, defatted rat skin and 3-day 
old granuloma. The soluble collagen is extracted by 0.15 M Na-citrate 
buffer pH 3.41 during 3 χ 24 hrs at 4 0 C . The collagen of these buffer 
TABLE IV, 9. T h e cxtractabilily of rollagen prepared through extrartion by buffer 
and precipitation by 2 0 % NaCl. 
Pro (or hypro)/total amount of pro (or hypro) χ 100 from 
the collagen precipitated by 2 0 % NaCl, surressixely extracted 
by: 
Skin 
Skin 
Carr. Gran. 
after 3 days 
Carr. Gran. 
after 3 days 
pro 
hypro 
pro 
hypro 
pro 
hypro 
pro 
hypro 
0.15 M NaCl 
24 hrs 
4 "C 
96.35 
96.00 
81.52 
99.63 
at 
P/H 
1.16 
1.33 
0.15 M Xa-citrate 
buffer 
24 hrs 
99.51 
99.75 
2.85 
(3.48) 
88.82 
99.50 
8.47 
0.00 
pH 3.41 
at 4 0 C 
P/H 
1.30 
1.42 
Aqua dest. 
1 hr at 
100 "C 
0.23 
0.24 
0.63 
0.51 
8.47 
(0.27) 
7.56 
(0.01) 
Residu 
0.16 
(0.01) 
0.17 
(0.01) 
2.71 
(0.23) 
2.46 
(0.36) 
The mean values of the results of 2 expermients are presented. 
T h e 20% NaCl precipitate contains about 70% of the hypro originally present in the 
buffer extracts. T h e remaining 30% will be taken up in the discussion. 
() Amounts of hypro vveie too small to be determined accurately. P / H — moles 
pro/mole hypro. 
G 81 
extracts is precipitated b\ addition of NaCl up to a concentration of 2Qc/(. 
This precipitate is successaci) extracted b) 0 15 M NaCl at 4 0C and/or 
b) 0.15 M Na-citrate buffer pH 3.41 at 4 0 C, and finall) b) aqua dest. 
at 100 0 C. The results presented in table IV, 9 demonstrate that almost 
all the h\pro is already extracted from the precipitate bv 0.15 M NaCl 
(the tropocollagen solution), while a part of the precipitated pro needs 
further extraction, particularly in the case of the 3-day old granuloma. 
These findings could explain the fact that the P / H values of the tropocol-
lagen solution are lower than those of the buffer extract without prior 
extraction b\ 0.15 M NaCl. Judging from the higher P / H value of the 
tropocollagen solution of the 3-da) old granuloma, this solution might 
contain somewhat more non-collagen protein containing pro than the tropo-
collagen solution of the skin. 
In order to examine the effect of x-carrageenin on the extractability of 
soluble collagen, a solution of 0 . 5 ^ /-carrageenin in 0.15 M NaCl is added 
TABLE IV, 10 Fractionation of tropocollagen 
Collagen from 
Skin Lambda carr (Granuloma 
after 3 days 
P / H * % pro * </r hvpro P / H * % pro * % hypro 
1 1 roporollaçen 116 133 
2 Soluble fraction Inde tor tab le amounts of pro and hjpro 
3 Gelatini/able 
fraction 0 71 24 5 40 0 0 86 3 1 8 49.0 
l· Uncjelatmi/able 
fraction 146 75 5 60 0 178 68 2 51.0 
P / I I — moles pro/mole hypro 
* Perc(ntaa;e of the total amount of the ninno acid present in tropocollagen 
1 Tropocollagen — collagen dissolved in 0 15 M NaCl (see table IV, 9) 
2 Soluble fraction = supernatant after addition to tropocollagen of Q 5'/( 
/.-carrageenin in 0 15 M NaCl (10 mg of /.-(arra-
geemn are added to 11 5 and 5 8 (/moles hypro of 
skin and granuloma tropocollag« η respectively' 
3 Gelatini/able fraction — collagen extracted by aqua dest. at 100 C C for twice 
1 hr from the prccipilate after removal of the so­
luble fraction (2.) 
4. Ungelatmi/able fraction = collagen present in the residu after removal of the 
gelatini/able fraction (3 ). 
to the tropocollagen solutions of skin and 3-da\ old granuloma. The tropo-
collagen is completely precipitated b\ /-carrageenin as is demonstrated in 
table IV, 10. Gclatinization of these precipitates results in an extraction of 
only 24.57, and 31.87, of the pro, and 40.07, and 49.07, of the h>pro 
of the precipitate of skin and granuloma tropocollagen respectively. 
The tropocollagen of both skin and 3-day old granuloma, precipitated by 
/-carrageenin, can be fractionated into 2 parts: 
1. Λ gelatinizablc part with an abnormally high amount of hypro (P/H 
is 0.71 and 0.82 respectively) ; 
2. An ungelatinizablc part with an abnormally high amount of pro 
( P / H is 1.46 and 1.78 respectively). 
The remarkable similarity of the ratio of the gelatinizablc (and ungelatini­
zablc) part of the soluble granuloma collagen (in vitro experiment; table 
IV, 10) and the ratio of the pre-existing, buffer insoluble collagen which 
was still present in the gelatin extract (and which had been removed from 
the gelatin extract) at the 12th day reveals that /-carrageenin in the gra­
nuloma can directly influence the extractability by gclatinization of the 
buffer insoluble collagen after its solubilization. 
3. DISCUSSION AND CONCLUSIONS 
3.1. DEVEI.OPMENTAI. STAGES OF THE /-CARRAGEENIN GRANULOMA 
Judging from the morphological appearance of the Я-carrageenin granu­
loma during the first 3 days, the maxima of WW, DW, DNA and protein 
(fig. IV, 1-4) are quantitative values of the non-prolifcrative inflamma­
tory response. The finding that these maxima arc reached at different times 
indicates that the processes of the non-proliferative inflammatory response 
pass in a characteristic order: within one day a maximal amount of water is 
present; next the amount of dry material attains a maximum after 2 days, 
and finally, after 3 days, the lesion contains the largest number of exsudative 
cells. 
The non-proliferative response passes into a proliferative one probably 
during the 4th day; this proliferative phase already at the 6th day results 
in a second maximum (B) of mg DNA per granuloma (fig. IV, 3) . The 
WW, DW and protein show also a maximum (B) at the same time; ap­
parently the proliferative activity involves an increase of water and dry 
material. After 6 davs resorption of DNA dominates its s\nthcsis up to 24 
83 
days; thereafter an equilibrium between these processes is attained. At that 
time the values of WW, DW and protein, which decrease after 6 da\s, ha\e 
reached rather constant levels as well. 
After 24 days the connective tissue reaction to A-carrageenin in the rat 
seems to have reached a steads state, although it could be demonstrated 
that from 12 to 30 days the amount of ether extractable material increases 
(table IV, 2). This finding might reveal that after 30 da)s in the rat replace­
ment of the Я-carrageenin granuloma bv adipose tissue had occurred, but, 
in clear contrast with the carrageenin granulomata provoked in guinea pigs 
and rabbits (Williams, ID'J?; Fisher & Paar, 1960; Pcrez-Tama\o, 1970), 
only to a very small extent. 
It is \ery difficult to dissect completely /-carrageenin granulomata of rats 
because macroscopically it can not be distinguished accurately from the 
surrounding tissues; hence, microscopic examination of these granulomata 
showed that other tissues were always present as well. However, the most 
informative wav to present quantitative changes during the granuloma 
development is to express them per granuloma. Therefore, a method is 
presented to determine the "pure'" granuloma, i.e. a method to correct 
for adhering tissue the data of granulomata dissected as completeh as 
possible. 
3.2. C o i LAGEN M E T A B O I I S M DURING THE ¿-CARRAGt ENIN GRANULOMA 
DEVILOPMiNT 
3.2.1. Collagen breakdown 
The value of RHS of the 3-day old granuloma is extremely high compared 
with those of skin and subcutaneous tissue (table IV, ЗА). Judging from 
the cell t\pes present in the granuloma during the first 3 days, it seems 
unlikely that during this period collagen is already synthesized; therefore, 
the supposition can be ruled out that after 3 days the ven large relative 
amount of soluble collagen is due to collagen s\nthesis. After 3 da\s ap-
parentK a substantial part of the pre-existing, buffer insoluble collagen was 
already solubilized. However, it is shown that partially purified soluble 
collagen of normal rat skin and 3-day old granuloma (new tropocollagen 
and solubilized collagen) is complctclv precipitated through addition of 
Я-carrageenin (table IV, 10). 
Tentative explanations of the finding that soluble collagen is nevertheless 
extracted from the granuloma, although л-carrageenin is present in the 
tissue, are: 
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1. Very soon after its injection Я-carrageenin is changed in such a way 
that it loses the capability to form buffer insoluble complexes with soluble 
collagen ; 
2. The buffer solution extracts previously buffer insoluble collagen which 
was solubilized ( a ) intraccllularly after ingestion of disrupted collagen fibers 
by histiocytes, or (b) extraccllularly in those areas of the granuloma where 
the /-carrageenin was airead) phagoc) tized ; 
3. Soluble collagen molecules are h\ droh zed b\ collagenolytic enzymes 
before or after they have formed buffer insoluble complexes with /-carra­
geenin; the resultant oligopeptides and/or the amino acids are not preci­
pitated by /-carrageenin. 
ad 1. The finding that no metachromatic reaction could be demonstrated 
extraccllularly in the granuloma after 1 day, although л-carragccnin shows 
very strong metachromasia in vitro (III 2.1. and III 2.2.), might indicate 
that very soon after its injection some properties of /-carrageenin have been 
changed. If the reactivity of the sulphate groups of /-carrageenin was one 
of the necessary conditions of the formation of buffer insoluble complexes 
of /-carrageenin and collagen, it seems readily acceptable that ¿-carra-
geenin, which docs not show metachromasia, is no longer able to form these 
complexes. 
ad 2 (a) . Although several authors have presented evidence that collagen 
fibrils are dissolutcd intracellularK (Lii«e & Hutton, 1964; Parakkal, 1969), 
this process does not seem to take place in the /-carrageenin granuloma, 
because no intracellulari) located fibrils with the cross-striation characteristic 
for collagen were ever found by electron microscopical investigation. 
ad 2 (b). Although it can not be excluded that during later developmen-
tal stages of the granuloma sufficiently large numbers of /-carrageenin free 
extracellular areas exist, it seems unlikeh that this is already the case during 
the first 3 days. Moreover, this explanation is actually no alternative to the 
possibility 1., because it necessarily implies the assumption that the pro-
perties of /-carrageenin change; for "native" /-carrageenin could be 
extracted very well by citrate buffer, so in the buffer extract /-carrageenin 
would form buffer insoluble complexes with soluble collagen. 
ad 3. 70r/( of the amount of hypro cxtractable from the 3-day old gra-
nuloma is precipitated by 209^ NaCl (table IV, 9) and after solution in 
0.15 M NaCl this collagen is again completely precipitated by /-carrageenin 
(table IV, 10). These findings might indicate that this part of the hypro 
extracted by buffer represents rather intact tropocollagen. In that case the 
extraction of only 30c/c of the total amount of hypro extracted could be 
explained by possibility 3. 
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Since practically all the buffer insoluble collagen of the 3-da\ old granuloma 
originates from pre-existing, buffer insoluble collagen of subcutaneous tissue 
(p. 84), the decrease of 1С from 3 to 12 days (table IV, 4Λ) reveals 
primarily breakdown of this collagen. Information on the actual amount 
of pre-existing, buffer insoluble collagen catabolized during this period is 
presented in table IV, 7: 45% of the h\pro and 65c/c of the pro of the 
buffer insoluble collagen of the 3-dav old granuloma is no longer present in 
the gelatin extract on the 12th day. 
This collagen and also its gelatinizable part show highly unusual imino acid 
compositions: the P/H values are 1.87 and 0.82 respectiveh (table IV, 7). 
They arc closely equal to the ratios of the corresponding fractions of so­
luble collagen of the 3-day old granuloma (fractionated through gclatini-
zation after addition of ¿-carrageenin; table IV, 10). This remarkable re-
semblance strongly suggests that Ä-carrageenin is involved in a similar way 
in the fractionation of soluble collagen in vitro and buffer insoluble collagen 
in vivo. However, previous solubilization of buffer insoluble collagen appears 
a necessary condition for its fractionation, for /-carrageenin obviously does 
not cause a fractionation of buffer insoluble collagen in vitro (table IV, 8) . 
Λη increase of the amount of buffer insoluble collagen broken down through 
solubilization and/or hydrolysis and hence extracted by buffer, is apparently 
not the only explanation of the decrease of 1С from 3 to 12 da\s (table IV, 
4A) ; for this decrease would be found as well, if solubili/ed collagen forms 
buffer insoluble complexes with ¿-carrageenin from which the collagen is 
only partially extracted by gelatinization. Judging from the close similarity 
of the P / H values of pre-existing, buffer insoluble collagen fractions (table 
IV, 7) and of tropocollagen of the 3-day old granuloma (table IV, 10), 
from 3 to 12 days the major part of the pre-existing, buffer insoluble col-
lagen seems to be «olubilized, but it is still present as a buffer insoluble 
complex of collagen and /-carrageenin. The significant decrease of P/H, , 
from 3 to 12 da\s (table IV, 5Λ) could thus be explained. 
If during the first 3 days the reactivity of /-carrageenin was inhibited (ex­
planation 1.; p. 85), /-carrageenin would have to regain its reactivity at 
least temporarily from 3 to 12 days in order to cause the collagen fractio­
nation found during the latter period. Λη indication of this reactivation of 
Я-carrageenin might be the observation that /-carrageenin shows again 
strong metachromasia after its ingestion by histiocytes. Since the buffer 
insoluble collagen is probably broken down cxtraccllularly (ad 2. ( a ) ; 
p. 85), extracellular formation of buffer insoluble complexes requires 
extracellular reactivation of /-carrageenin, or discharge of reactive /-carra-
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geenin from the histiocytes, e.g. b\ hsis of these cells. Other possibilities 
are: intracellular formation of the e complexes, e.g. ingested solubilized col­
lagen and /.-carragecnin come into contact with each other within a phago­
cytic vacuole, or complex formation during the extraction procedure. 
After 30 days not only has the P/H1C value significantly decreased (table 
IV, 5Λ), but also the 1С value has substantially increased (table IV, 4Λ), 
compared with the corresponding values of the 12-day old granuloma. This 
might justify the conclusion that a much larger relative and absolute amount 
of buffer insoluble collagen was solubilized and subsequently had formed 
buffer insoluble complexes with /.-carragecnin after 30 days than after 12 
days. Since after 12 davs alread\ the major part of the pre-existing, buffer in­
soluble collagen was fractionated by gelatinization (p. 86), the previous 
finding would indicate that from 12 to 30 days also a substantial part of 
the buffer insoluble, new collagen was solubilized and, subsequently, had 
formed buffer insoluble complexes with /-carragecnin. 
The striking fractionation of collagen up to 30 days demonstrates that at 
30 davs /-carragecnin is still present in the granuloma. If only "native" 
/-carragecnin is able to form buffer insoluble complexes with collagen, it 
turned out that during the first 3 days this capability was inhibited, where­
after up to 30 davs an increasing amount of Я-carrageenin regained this 
capability. 
3.2.2. Collagen syntheús 
As was pointed out above, it seems unlikely that during the first 3 days 
soluble and buffer insoluble collagen are synthesized. 
The increase of SC and TC values from 3 to 12 days (table IV, 4A) in-
dicates that during this period soluble collagen has been synthesized. This is 
confirmed by the decrease of saHS (table IV, 6) . However, it is impossible 
to calculate the actual amounts of soluble collagen synthesized, because 
there is no information available on the specific activity of the hypro ex-
tracted by buffer which had not been precipitated by 20c/( NaCI. In addi-
tion, hypro might also be excreted through the blood stream. 
The results presented in table IV, 7 demonstrate that after 12 days buffer 
insoluble, new collagen is present. The imino acid ratio of this collagen 
makes it very improbable that it has been fractionated through /-carra-
gecnin. 
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From 12 to 30 days buffer insoluble collagen is formed, because during this 
period the \alue of 1С increases (table IV, 4 Λ ) . Since during the same 
time the value of T C increases, soluble collagen лvas synthesized as well. 
In contrast to the increase of T C u p to 30 days (table IV, 4 Λ ) , Jackson 
( 1 9 5 7 ) , Chvapil & Cmuchalová (1961) and Cmuchalová & Chvapil 
(1963) found a sharp decrease in the total amount of collagen per granu-
loma from 14 to 30 da) s in granulomata provoked by commercial carra-
geenin preparations in guinea pigs. 
We can summarize the findings about collagen in the following way: 
Since a part of the buffer insoluble complexes of collagen and /.-carrageenin 
would not be extracted, the figures on hypro presented in table IV, 3Λ and 
4Λ have to be considered minimum values. 
T h e unusual imino acid composition of the buffer insoluble collagen after 
12 and 30 days demonstrates that one has to be very careful when handling 
the a m o u n t of hypro as a quantitative standard of collagen. 
1. Catabolism: In the /-carrageenin granuloma the pre-existing, buffer 
insoluble collagen appears to be solubilized within the first 12 days. T h e 
major part of the collagen «olubilized during the first 3 days is extractable 
by 0.15 M Na-citrate buffer p H 3.41, while the collagen solubilized from 
3 to 12 days had formed buffer insoluble complexes with x-carrageenin, 
There is some evidence that from 12 to 30 days buffer insoluble, new col­
lagen was solubilized as well and subsequently had formed buffer insoluble 
complexes with /.-carrageenin. 
2. Anabolism: During the development of the /-carrageenin granuloma, 
synthesis of soluble and buffer insoluble collagen is initiated between 3 and 
12 days. After 12 days about 21c/c of the hypro of the gelatin extract origi­
nates from buffer insoluble, new collagen. Collagen synthesis continues u p 
to 30 days. 
3.3. COLLAGEN AND Я-CARRAOEENIN IM VITRO 
In table IV, 8 it is shown that after addition of /-carrageenin to dry, defatted 
rat skin no hypro could be extracted by 0.15 M Na-citrate buffer p H 3.41, 
while the cxtractability by gelatinization of buffer insoluble collagen is not 
influenced. I n order to investigate the effect of /-carrageenin on soluble 
collagen this collagen fraction was purified first. Almost all h}pro, preci­
pitated by 20'/f N a C l from buffer extracts, is already divsolved in 0.15 M 
N a C l (table IV, 9 ) . This supports the hypothesis of Piez (1967) that the 
extractabilit) of collagen relates pr imarih to the state of this protein in the 
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tissue rather than to the structure of this protein. The 0.15 M NaCl solution 
probabK contains collagen monomers, the building units of fibrous collagen 
which were named "tropocollagen"' by Gross et al. (1954). 
The results presented in table IV, 10 demonstrate that tropocollagen of skin 
and 3-day old granuloma are complcteh precipitated by /.-carragcenin. In 
a similar and highly reproducible wa\ the precipitated tropocollagen of both 
'ources is «eparated b\ gelatinization into 2 fractions: 
1. Λ gelatinizable fraction with a very high relative amount of h\pro 
(P/H are 0.71 and 0.82 respceth eh ) ; 
2. An ungelalini/.able fraction with a very high relative amount of pro 
( P / H are 1.46 and 1.78 rc->pccti\cly ). 
The Â-carragccnin preparation contains no hypro and about 0.14 /mióles 
pro per 10 mg, an amount too small to have any affect on imino acid ratios 
of the collagen fractions. 
The heterogeneity of the tropocollagen molecules could be due to 3 causes: 
1. There are different types of tropocollagen molecules; 
2. There exists only one tropocollagen molecule type, but each molecule 
is built up by different α-chains; 
3. The tropocollagen molecules and the α-chains are identical, but the 
amino acid distribution over the α-chains is ver) heterogeneous. 
ad 1. This hypothesis seems unlikely, since hitherto neither biochemical 
nor biophysical experiments have disclosed any evidence of such a hetero­
geneous population of tropocollagen molecules, although the fractionation 
indicates that the ratio of the imino acids, which arc highly important for 
the molecular structure, of one molecular class would be about twice that 
of the other. 
ad 2. This suggestion implies that after addition of /.-carragecnin the 
linkages of the molecular parts are cleaved by gelatinization. It is known 
that this happens to the interchain hydrogen bonds of the «-chains of the 
triple-helix during denaturation. However, although the 3 α-chains of ver­
tebrate collagens differ in amino acid composition, their imino acid ratio 
always significantly exceeds 1.0 (Piez et al., 1963: rat skin, rat tail tendon, 
carp swim bladder, spiny dogfish skin; Bornstcin & Piez, 1964: human 
skin; Lewis & Piez, 1964: dogfish shark skin; Piez, 1964: codfish skin; 
Hcidrich & Wynston, 1965: calf skin, rat skin). Hence, it is unlikely that 
the tropocollagen fractionation is due to differential extraction of complete 
α-chains. 
ad 3. Per excluswnem, the tropocollagen fractionation seems to favour 
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the hypothesis that the distribution of amino acids over the «-chains is such 
that specific linkages are readily cleaved after addition of /-carrageenin. 
The different amino acid compositions might indicate that molecular parts, 
other than the identical subunits suggested by Petruska & Hodge ( 1964 ), 
are involved. Additional support of our h\pothcnis is presented by Kajikawa 
et al. ( 1969 ). These authors showed that the electron density of certain parts 
of the cross-strialion of collagen fibrils is increased in a carrageenin gra-
nuloma. That these parts are also intensely stained by ruthenium red might 
suggest that carrageenin is attached to specific sites of the collagen fibril, or 
the collagen molecule. 
If the tropocollagcn fractionation through /-carrageenin is actually based on 
attachment of /-carrageenin to specific sites of the collagen molecule, 
specific parts of these molecules could easily be obtained in a highly repro-
ducible way. Amino acid sequence analyses of these fractions might give 
important new information on the molecular structure, especial!) concerning 
the hitherto mainly unsolved issues on the relation between molecular 
structure and band pattern of the fibrils. Since a remarkable difference 
between the molecular parts concerns their imino acid composition, by 
investigation of these parts information might be obtained on questions 
related to the structural conditions required for h\drox\lation of incor-
porated pro. 
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CHAPTER V 
SOME REMARKS ON THE METHODS USED T O STUDY 
CONNECTIVE TISSUE REACTIONS T O CARRAGEENIN 
The prccnt study of connective tissue reactions to carragcenin consists 
of two parts: a morphological and a biochemical investigation. The general 
statement that the morphological and biochemical approaches complement 
each other leading toward a more profound understanding of the biological 
process gained a special sense on several occasions during this study. 
The basic problem concerning the reference needed to express the quanti-
tative changes during the granuloma development, particular!) of collagen 
and ether extractable material, could be sohed in principe through micro-
scopic examination of granuloma '•amples and granulomata dissected as 
completely as possible. The observations indicated that the contamination 
of granulomata dissected completely mainh consisted of subcutaneous and 
intermuscular connective tissue. On the other hand, it was seen that the 
granuloma samples generally were uncontaminated and representative of 
the entire granuloma (with the exception of the 3-dav old granuloma). B\ 
combining these two sampling methods, the "pure'" granuloma could be 
used as a reference for the quantitathe changes. 
B\ combining the chemical data on wet weight, "dr) weight", DNA and 
non-collagen protein (fig. IV, 1.-4.) with light microscopical observations, 
a coherent picture of the sequence of events could be given. The time 
'equence of the occurrence of maxima A for the different substances showed 
that the processe> of the non-proliferativc response pass in a characteristic 
order, a phenomenon which is difficult to discover b) morphological 
examination alone. 
Although we did not find clear morphological indications of adipose tissue 
replacement of the /-carragcenin granuloma in the rat, as described for 
carragcenin granulomata in guinea pigs, the conclusion that this process 
does not take place in the rat might be incorrect, because a significant in-
crease of the amount of ether extractable material from 12 to 30 days was 
found. 
91 
The idea of labeling pre-existing collagen b) radioactive precursors arose 
mainly from our morphological examination of the /.-carrageenin granu-
loma. A relatively large number of collagen bundles, probably derived from 
subcutaneous tissue, were observed in the granuloma; therefore, a bioche-
mical study on ana- and catabolism of collagen had to consider not onb 
newly synthesized collagen, but probably pre-existing collagen as well. 
The examples mentioned above show that this dual approach to a biolo-
gical process ma\ be advantageous. At the same time it is clear that for 
many problems it is still impossible to fill the gap between the morpholo-
gical and the chemical approaches. In the present study this is demonstrated 
in particular by the gap between the findings on collagen structure and 
chemistry. 
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SUMMARY 
Morphological and biochemical aspects of healing through repair were 
studied on connective tissue reactions to /-carrageenin, injected subcu-
taneously in rats. 
Light microscopicalK observable changes of cells and extracellular compo­
nents during the л-carragecnin granuloma development were described 
(III 2.1.) and compared with the observations recorded in the literature 
on granulomata provoked by commercial carrageenin preparations in rats 
and guinea pigs. The descriptions of the connective tissue reactions to the 
different carrageenin preparations in rats agree well. 
The derivation of histiocUes and fibroblasts of the Я-carrageenin granuloma 
was investigated through prclabeling of IcukocUe nuclei with tritiated 
thymidine and subsequent autoradiography (III 2 2.1.). It was concluded 
that the major part of the histiocytes are derived from blood monocytes, 
while the fibroblasts originate from locally resident cells, possibly periotes. 
The proliferative activit) of granuloma cells was studied through pulse 
labeling of their nuclei with tritiated thymidine (III 2.2.2.). Up to 13 days 
the proliferative activity of fibroblasts surpasses that of the histiocytes. 
After 30 days the proliferative activit) has decreased to a very low level. 
There are indications that during granuloma development the ultra-
structure of the hi4:ioc\tes changes from macrophage to "vesiculated" cell 
(III 2.3.). The latter cell exhibits a strikingly structured cvtoplasm; in 
electron micrographs the major part of its cytoplasm is occupied b) large 
smooth vesicles, often connected by narrow channels, with a homogeneous 
content. The differences in ultrastructure of fibroblasts at various time 
intervals after л-carrageemn injection were interpreted as distinct functional 
stages: a proliferative stage and a non-prolif erati ve, collagen producing one. 
In addition to three Upes of collagen fibrils airead) known, a new collagen 
fibril type was found in the 30-day old granuloma (III 2.3.4.). These 
fibrils consist of 2 to 5 individual collagen fibrils (diameters of the latter 
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are about 700 Â) which are twisted around each other and whose band 
patterns coincide. 
Within six davs after Я-carrageenin injection, the wet weight, the weight 
after freezc-dr\ing and ether extraction ("dry" weight), and the amounts 
of DNA and protein of granulomata di4sccted as completely as possible 
reach a maximum twice (IV 2.1.-4.). These maxima are moM: probablv 
related to the non-proliferative and proliferative phases of the connective 
tissue reactions to /-carrageenin 
Formula« were presented to calculate wet and "dry" weights of "pure" 
granulomata because granulomata dissected as complete!) as possible were 
alway> contaminated by subcutaneous tissue (IV 2.5.). 
The amounts of ether extractable material and buffer «oluble and insoluble 
collagen ("gelatin") at various time intervals after A-carrageenin injection 
were determined on granuloma samples. The ratio values of moles proline/ 
mole hydroxy proline of gelatin from 12- and 30-day old granulomata are 
Mgnificantly lower than the value characteristic for collagen (IV2.6.1.). 
These highly unusual imino acid ratios imply that one must be very careful 
when using the amount of hy drox) proline as a quantitative measure for 
collagen. 
Collagen was labeled with tritiated proline before granuloma induction. 
From the specific activities of "gelatin" ( hydroxy ) proline and the total 
amount of "gelatin'" present at 3 and 12 days after /-carrageenin injection, 
it was possible to calculate the amounts of buffer insoluble, old collagen 
broken down and buffer insoluble, new collagen synthesized (IV 2.6.2.). 
At 12 days the pre-existing, buffer insoluble collagen appeared to consist 
of two fractions: 
1. A fraction with an abnormally high hydroxy proline content, present in 
the gelatin extract; 
2. A fraction with an abnormally high proline content which can no longer 
be extracted with boiling water. 
The extractability through gelatini/ation of buffer insoluble collagen itself 
is not influenced by /-carrageenin (IV2.7.1.). However, native tropo-
collagen and /-carrageenin form a buffer insoluble complex (IV 2.7.2.). 
The information dcducible from these findings on collagen catabolism and 
¿-carrageenin properties in the granuloma were discussed (IV3.2.1.) . 
Only a part of the protein can be extracted through gelatinization from the 
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buffer insoluble complex of tropocollagen and Я-carragecnin. The imino 
acid ratios of the gelatinizablc and ungelatinizable parts of this complex 
are similar to those of the corresponding fractions of buffer insoluble col­
lagen from the granuloma. 
The significance of this new method of collagen "fractionation" for the 
study of collagen structure and metabolism was discussed (IV3.3.) . 
The importance of a combined morphological and biochemical study of a 
biological process, with its advantages and problems, was dealt with in 
chapter V. 
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SAMENVATTING 
Morphologische en biochemische aspecten van weefselherstel door litteken 
vorming werden bestudeerd aan bindweefsclrcacties op subcutaan bij 
ratten geïnjiciëerd /-carragenine. 
Lichtmicroscopisch waarneembare veranderingen van cellen en extra-
cellulaire componenten tijdens de /-carragenine granuloma ontwikkeling 
werden beschreven (III 2.1.) en vergeleken met soortgelijke beschrijvingen 
uit de literatuur van granulomata opgewekt met handclspreparatcn van 
carragenine bij ratten en caviae. De beschrijvingen van de bindwcefsel-
reactics op diverse carragenine preparaten bij ratten blijken goeddeels ge-
lijkluidend. 
De herkomst van histioevten en fibroblasten van het Я-carragenine granu 
lorna werd bestudeerd door middel van prelabeling der leukocyten kernen 
met getritiëerd thymidine en autoradiographie (III 2.2.1.). Uit deze 
experimenten werd geconcludeerd dat het grootste deel der histioevten af-
komstig is van monoevten uit het perifere bloed, terwijl de fibroblasten 
ontstaan uit ter plaatje aanwezige cellen, mogelijk pericyten. 
Informatie over de proliferaticve activiteit der granuloma cellen werd ver-
kregen door pulsclabeling van hun kernen met getritiëerd thymidine (III 
2.2.2.). De eerste 13 dagen overtreft de proliferaticve activiteit van de fibro-
blasten die der histioevten. Na 30 dagen wordt nog slechts een zeer geringe 
proliferatieve activiteit gevonden. 
Er zijn aanwijzingen dat tijdens de granuloma ontwikkeling de ultra-
structuur van de histioevten verandert van macrophaag tot „vesiculated" 
cel (III 2.3.). Deze laatste cel toont een opvallende cytoplasma structuur; 
in electroncnoptische foto's wordt het grootste gedeelte van hun cytoplasma 
ingenomen door blazen met een homogene inhoud, die vaak via smalle 
kanaaltjes met elkaar verbonden zijn. 
De ultrastructurcle verschillen tussen fibroblasten op verschillende tijdstip-
pen na /-carragenine injectie werden geïnterpreteerd als onderscheiden 
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functionele stadia: het proliferatieve stadium en het niet-proliferatieve, 
collageen producerende stadium. 
Naast drie reeds bekende klassen collageen fibrillen werd in het 30 dagen 
oude Я-carrageninc granuloma een nieuw type collageen fibril gevonden 
(III 2 3.4.). Deze fibril bestaat uit 2 tot 5 afzonderlijke collageen fibrillen 
(de diameter van deze fibrillen is ongeveer 700 Â) die spiraalvormig om 
elkaar gewonden zijn, terwijl hun band patronen precies samenvallen. 
Binnen zes dagen na /-carragenine injectie bereiken het nat gewicht, het 
gewicht na vriesdrogen en ether extractie („droog" gewicht), en de hoe-
veelheid DNA en proteïne van zo volledig mogelijk uitgeprepareerde gra-
nulomata tweemaal een maximum (IV 2.1.-4.). Deze maxima staan hoogst-
waarschijnlijk in verband met de niet-proliferatieve en proliferatieve fasen 
van de bindwcefcelreacties op Я-carragenine. 
Er werden formules ontworpen om de nat en „droog" gewichten van 
„zuivere" granulomata te berekenen, omdat zo volledig mogelijk uitgepre­
pareerde granulomata steeds verontreinigd waren met subcutaan bind-
weefsel (IV 2.5.). 
De hoeveelheden ether extraheerbaar materiaal en buffer oplosbaar en 
onoplosbaar collageen („gelatine") op verschillende tijdstippen na /.-car­
ragenine injectie werden bepaald in granuloma monsters. 
De waarden van het quotiënt van molen proline/mol hydroxyproline in 
de gelatine extracten van 12 en 30 dagen oude granulomata zijn significant 
kleiner dan de voor collageen karakteristieke waarde (IV2.6.1.). Deze 
hoogst ongewone iminozuur ratio's impliceren dat de algemeen aanvaarde 
methode om de hoeveelheid hydrox) proline als maat voor de hoeveelheid 
collageen te gebruiken hier slechts onder voorbehoud kan worden toege-
past. 
Vóór de inductie van het granuloma werd het collageen gelabeld met ge-
triticerd proline. Uit de specifieke activiteiten van (hydroxy)proline van het 
„gelatine" en de totale hoeveelheid „gelatine", aanwezig 3 en 12 dagen 
na Â-carragenine injectie, kon de hoeveelheid afgebroken pre-existent, buffer 
onoplosbaar collageen en de hoeveelheid gesynthetiseerd buffer onoplosbaar 
collageen worden berekend. 
Op de 12e dag bleek het pre-existent, buffer onoplosbaar collageen te be-
staan uit twee fracties: 
1. Een fractie met een abnormaal hoog hydroxyproline gehalte, aanwezig 
in het gelatine extract; 
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2. Een fractie met een abnormaal hoog proline gehalte, die niet meer met 
kokend water te extraheren was. 
De extrahcerbaarheid door gelatiniseren van buffer onoplosbaar collageen 
zelf bleek niet te worden beïnvloed door /-carragenine (IV 2.7.1.). Natici 
tropocollageen en ¿-carragenine vormen evenwel een buffer onoplosbaar 
complex (IV 2.7.2.). De uit deze gegevens af te leiden informatie over 
collageen afbraak en /-carragenine eigenschappen in het granuloma werden 
beschreven (IV 3.2.1.)· 
Het eiwit is slechts voor een deel te extraheren door gelatiniseren uit het 
buffer onoplosbaar complex van tropocollageen en /-carragenine. De 
iminozuur ratio's van de gclatiniseerbare en niet gelatinisecrbare fractie van 
dit collageen komen overeen met die van de corresponderende fracties van 
buffer onoplosbaar collageen uit het granuloma. 
De betekenis van deze nieuwe wijze van collageen „fractionering"' voor de 
verdere opheldering van collageen structuur en metabolisme werd bespro-
ken (IV 3.3.). 
In hoofdstuk V werden in 't kort enkele voordelen en problemen behandeld 
die voortvloeien uit de combinatie van morphologisch en biochemisch on-
derzoek. 
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